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GAEBONIFBUOTtS 

Rtt II (Je.-— Mrs. ,]ac(th of Calcutta (formerly Miss 0. Virkki, 
Lucknow'! has (-<»mpIetod her work on the flora of the early Gondwana 
beds in the Salt Haiige. The memoir has been sent to the press 


under tin* following title : 



IndiiU Calcutta). 

Fm- a brief notice (jf the contents see the Report for 1939 {Journ. 
Jnd. Bid. »Soc., 18, g02). 


t’.MiBOMFKKOUS .VJtn PEKMO-CaBBONIFEEOITS 

India and J H.s-fralia..— Mrs. Jacob’s work on the microfiora of 
ifcrlain Lower Gondwana strata in India and Australia has likewise 
been .sent to the jircss : 
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PMOmESS REPORT FOR 1940 


Mrg.,0. Jacob (0. Virkki), ^ Spores from tbe Lower Gondwanas 
of India and Australia ^’. (MS. 108 pp., M Pis. ^ 79 Text-figs.). 
Publication expected in Palmoniologia Indiea (Geological Survey 
of India, Calcutta). 

TMs is a ratber comprehensive work describing inostly spores, 
but also a few other plant-remains as well as a few arthropod cliitins, 
from various Lower Gondwana localities in India and Australia. 
The spores are of many different shapes and sizes, and some are 
winged, others unwinged. The wings vary in their form and num- 
ber; one circular wing all round, or two wings as in the genus 
Pitgosporites^ or three wings symmetrically placed. An interesting 
fact is that a continuous series of transitions can be traced between 
the two-winged type of spore and the type with one circular wing 
passing all round the spore (see G. Dubois, CJironiea Botmdca V, 
4/6, 1939, p. 408 and references therein). An artificial key to the 
identification of the many kinds of spores is given. An important 
fact recorded in the Eeport for 193%. was the discovery, in the 
Bacchus March tillite, of several kinds of spores indistinguishable 
from those found in such far scattered localities in India as the Salt 
Eange, the Daltongunj coalfield in Bihar, and the Eewali basin in 
Central India. The significance of these occurrences is now dis- 
cussed in connexion with the climatic relations of the early 
Glossopteris flora and the possible use of these spores in Gondwana 
stratigraphy. 

Peemo-Ciuboxipeeous 

Daltongunj Coal-field (Behar), — Mrs. Jacob has sent to press 
the following paper on the cuticle of Glossopteris eomnmms Pst. : 

^Mrs. C. Jacob (C. Virkki), The cuticular structure of 
Glossoptens communis (MS. 11 pp., 2 Pis.). Ihib- 

lication expected in Palceonfologia Indiea (Geological Survey of 
India, Calcutta). 

G. communis Fst. was united with G. indiea Sehimp. by Zeiiler 
in 1896, but the cuticular structure of G. communis a>s observed b\ 
Mrs. Jacob is distinct from that of G. indiea as described by Zeiilcr, 
This suggests that it is better to keep the two foims separate. 
Adhering to the under side of the lamina ma>sses of two-wingtai 
spores of the type -were also found. TiiCvse are 

described in a separate paper already noticed above. 

Kashmir. — Prom Lower Gondw^aiia beds at Dandluiar, ii] the 
Pir Panjal Eange, E. Y. Sitholey (Lucknow) has des<*rlbi ii He\erHl 
fragments of the leaves of PsygmopJiylhm Eaydeni Beward whidi 
have enabled him to attempt a reconstruction of tiu^ h‘af~I)earing 
shoot in this species. This indicates a close genera] similarity’, in 
habit to Ginkgo biloba^ although there is no evidence of short shoots. 
A paper has been sent to press with the following title : 

Psygmophyllmn Eaydeni Seward ITom a new locality in 
Kashmir’’. (MS. 8 pp., 2 Pis., 3 Text-figs.). Publication expected 
in the Records of the Geological Survey of India, Calcutta, 
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B. Salini witli Messrs. S. L. Eaina, B. L. Kaw and A. N. Fotidar 
of Brin agar made a collection of Lower Gondwana plants from tlie 
Gangamopteris beds near Kbunmu in the Yihi Valley, a few miles 
S. E. of Srinagar. The specimens were lodged in the Biology 
Deparment of the Sri Pratap College, vSrinagar. 

Pehmian 

Brazil,— 'll, S. Eao’s work on Lyeopodiopsis Derhyi has been 
published : 

On the anatomy of Lyeopodiopsis Derhyi Eenanlt, with 
remarks on the southern Palaeozoic lycopods. Froc, Ind. Acad. 
Sei,, Vol. XI, Xo. 5, Sec. B, pp. 197-217. 

Teiassic 

Balt Range, — The Triassic flora from this area which E. V. 
Sithoiey (Lncknow) is investigating, has turned out to be much 
richer in species than was previously suspected from the extremely 
fragmentary nature of the plant-remains. Among the impressions 
of fern pinnge and bits of stems, reported last year, the following 
genera had already been recognised : — Dguisetites, BpJienopteris 
(several species) and CladopJilebis. One specimen of a Sphenop- 
teroid pinna (in two counterparts) bears on the under side of several 
of its pinnules epaulette-shaped sori. From tbe vicinity of one of 
the pinnules a mass of spores has been obtained by maceration. 
Bulk maceration of the rock has yielded casts of several types of 
large spores bearing a very prominent triradiate mark. Some of 
these are being described as new species of Triletes, Other spores or 
spore-like bodies of smaller size are being provisionally referred to 
Sporites, Many of the spores, large and small, are partially enclosed 
in a thick cup-like envelope which closely invests each spore, usually 
leaving a wide opening from which the triradiate mark emerges. 
In addition a few cuticles have been prepared. 

Jurassic 

Afghm-TurMstan. — E. Y. Sitholey^s memoir on C. S. Eox^s 
eolleetioii of plants from Afghan-Turkistan has been published: 

‘^Jurassic plants from Afghan-Turkistan.’^ Palwontologia 
Indiea^ YoL XXIX, Memoir Xo. 1, 25 pp. (with 8 Pis., 7 Text-flgs. 
and one Map). 

Rajniahal HiUs, — K, Jacob (Calcutta) has sent to the press the 
following works on the Jurassic flora of this region : 

** Eossil plants from Sakrigalighat in the Eajmahal Hills, with 
remarks on the age of the beds.” (MS. 61 pp., 11 Pis., 52 Text-flgs.). 
Accepted for pubiication in Palceontologia Indiea (Geological Survey 
of India, Calcutta). 

On the structure and affinities of Tinpaharmy d^ new genus of 
petrified ferns from the Eajmahal Hills.” (MS. 57 pp., 27 Pis., 
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19 Text-figs.). Accepted for publication in Palmontologia Indica 
(Geologicaf Survey of IndiUj Calcutta). 

Botli tliese papers have been briefly noticed in the Eeport for 
1939, p. 204, 

A. E. Eao (Lucknow) lias sent to press the following papers, 
also briefly noticed in the Eeport for 1939 : 

The structure and affinities of Tmniopteris Mc- 

Clelland. 'i (MS, 35 pp., 10 Pis.). Accepted for publication in 
Palceontologia Indica (Geological Survey of India, Calcutta). 

A strobili from the Eajm-ahal Hills, Behar*’^ 

(MS. 25 pp., 5 Pis.). Accepted for publication in Palmontologia 
Indica (Geological Survey of India, Culcutta). 

He is at present ejigaged in describing some petrified shoots, 
and some winged spores which occur scattered in the matrix of the 
blocks. 

K. M. Gupta (Surat) has described a well preserved specimen 
of TfiZimmsotiM from Khairbani, near Mirazchowki Eailway station, 
Behar. The mode of preservation is intersting, because parts of the 
specimen are seen as impressions (e.^., the spreading ovate laiiceolate 
bracts on which the ramental scales are clearly shown), while the 
seminiferous and interseminal scales are preserved in the solid 
form as a petrifaction though the details of their anatomy are not 
seen. The distal ends of the scales have left their impresions on the 
rock as an unusually well preserved mosaic pattern closely com- 
parable with that described in Tf. Sewardiana with which 

the specimen shows several other points of close resemblance. Thus, 
the form and size of the receptacle, the length of the seminiferous 
and interseminal scales, and the form of the rametal scales, are also 
very similar to the corresponding organs in that Eajmahal species, 
which is itself closely allied to W. S'Coifca Seward. Other 
species with which comparisons are possible are the Mexican forms 
Wl oijicoteneaU WioL, ^ eauJdemoc Wieh and W, NatJiorsti WieL 
The flower is either specifically identical with W. Seivardiana or 
very closely allied to it. 

r Geylon {Tabhowa}.-^^ Jacob (Calcutta) has sent the following 
paper to the press : 

Ceylon.’^ (MS. 23 pp., 
7 Pis,, 4 Text-figs.). Publication expected in Palmontologia Indica 
(Geological Survey of India, Calcutta). 

See Eeport for 1939, p. 205. 

A further collection of fossil plants from the same beds, kindly 
sent by D. H. Wadia of the Minerological Department, Colombo, 
has been received for investigation at Lucknow. 

Ceylon (Andipama).—S5me fragments of carbonaceous shale 
from Andigama in the Tabbowa district were received from D. E. 
Wadia, and others fromP.E.P. Deraniyagala, Curator of the Golombo 
Museum, to both of whom we owe other contributions of material 
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reported liere. Miss M. Janet (Lucknow) lias recovered by macera- 
tion from these shales a considerable variety of microscopic remains 
of plants as well as animals. The microfldra includes several kinds 
of spores j winged and unwinged ; shreds of coniferous wood with 
bordered pits ; some cuticles and a few filamentous plants of unknown 
affinity, possibly fungus mycelia. Among the animal remains are 
fragments of the chitinous exoskeletons of arthropods, chiefly 
appendages. The work is still at a very early stage and none of the 
forms can yet be named, but it. is wwthy of note as the first eontii- 
bution to our knowledge of the fossil microflora (and niicrofauiia) 
of Ceylon. 

Cretaceous ? and Tertiary ! 

Assam.— The investigation of the algal flora from, some lime- 
stones of doubtful Cretaceous or Eocene age sent by the Geological 
Survey of India for study, has now been completed by K. 8. Eao 
(Bangalore). The detailed report, which is awaiting publication, 
contains descriptions of two new species of ArchwoUtJiothamnium- 

Cretaceous'? or Tertiary? 

Hyderabad (Beeean), — ^K. S. Eao (Bangalore) has completed 
the study of the fossil Charophyta of the Intertrappean beds 
recently discovered near Gurmutkal, Giilbarga District, Hyderabad 
State. It is of interest to record that the species now being des- 
cribed are different from those previously reported from other 
Intertrappean beds of India. 

Tertiary 

Beccan {InteHraypean Beds : Ga^iemZ).— Palseobotanical evi- 
dence for an early Tertiary age of these beds, and theiefore of the 
Deccan Traps, is steadily increasing. It will be recalled that the 
early geologists Malcolmson, Hislop and Hunter had placed these 
beds in the Eocene, mainly on the fossil evidence. This view w^as 
later abandoned, and until recently the Deccan Traps were commonly 
regarded by geologists as more probably Upper Cretaceous. A 
Tertiary age was, however, indicated by Smith Woodvrard’s vrork 
(1908) on some fish remains from the Deccan and more recently 
by the work of S. L. Hora (1938). Towards the end of 1933 the 
Tertiary theory was definitely revived by a preliminary review^ of the 
fossil flora of these beds in the Central Provinces. Several of the 
works noticed below go in support of this idea. 

In a presidential address entitled The Deccan Traps : an 
episode of the Tertiary Era {Froc. 211% Indian Science Congress, 

Madras, Jan. 2, 1940, pp. 1-21, with 2 Pis. and one map), B. Sahni 
attempts to visualise the physical conditions during the volcanic 
era in the Deccan and then proceeds to give a cursory account of 
the organic remains. He concludes that “Eroin -what we know 
of the geological history of the stoneworts, the fungi, the w^'afer- 
ferns and particularly of the palms, which formed such a vast 
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proportion of the flora, everything seems to point to a Tertiary age. 
What is more, the fishes and the crustaceans, too, seem to fall into 
line •with the plants.” 

Sausar, GJiJiindwara District (Intertrappean Beds ), — The paper 
by B. Sahni and H. S. Eao, on the flora of some Iiitertrapn 
cherts from Sausar, has been sent to the press undei the following 
title : 

“The silicified flora of the Deccan Intertrappean Beries : the 
fioia of the Intertrappean cherts in the Sausar Tehsil, Ohhindwara 
District, Central Provinces”. (MS. 88 pp., 7 Pis., 19 Text-figs.). 
Publication expected in Falceontologia Indica (Geological Survey cf 
India, Calcutta). 


Central Provinces (Intertrappean Beds), — ^V. B. Shukla (Hagpiir) 
has described from the Ohhindwara District a wnll preserved dicoty- 
ledonous wood with a structure closely comparable with that of the 
modern genus Casuarina, A new* species of Palmowylon (P. naivar- 
gaonensis) is named after Nawargaon in the Wardha District. 
Further material of fossil wood from the Intertrappean beds of the 
Ohhindwara District is under investigation. 

BajaJmundry (Intertrappean Beds ). — The mem.oir on the fossil 
Charophyta of Eajahmundry mentioned in the Eeport for 1939, 
p. 206, has now been published : 

K. S. Eao and S. E. hT. Eao (Bangalore), “The fossil Charophyta 
of the Deccan Intertrappeans near Eajahmundry (IndiaV’? 
PalcBontologia indica E'.S. Yol. XXIX, Mem. 2, pp. 1-14, Pis. I-III, 
Calcutta. 

The authors describe and figure 33 species under the genus 
CJiara of which the following four are regarded as new : G. rajah- 
mundrica, G. SampatM, G. 8ahnii and G. indica. It is gigiiificant 
that most of the other species are identical with those from the 
Lower Headon beds of Hurdle Cliffs, Hampshire, described by Eeid 
and Groves, and considered to be of Eocene age. 

In a paper read before the 27th Indian Science Congress at 
Madras in Janaury 1940 a new species of Dasycladacese, w^as 
described under the name DissocJadella intertrappea. Published in 
abstract: 

S. E. X. Eao and K. S. Eao, “More algae from the Eajahmundry 
Intertrappeans”. Proc. 2m Ind. 8cL Congress (Madras Session, 
Section of Geology). Pt. Ill (Abstracts), pp. 118-19, Calcutta. • ^ 

North-West Frontier Province.— The following paper has been 
published in abstract form : 


^ S. E. X. Eao (Bangalore), “An algal flora from the Loekhari 
Limestone (Eanikot series) of the Samana Eange (X.W\ Frontiei 
Proyincey^ Proc. Ind. 8ci. Congress (Madras Session. 
Sectwn of Geology). Pt. Ili (Abstracts), p. 119, Calcutta. 


, PALmBOTANl IN INMA—lt ' : - 

Three new species liaye been described and figured in this paper : 
LUhopliylhm loclcharti, ArchceoUtJiotJiamnium raniMensis and 

A, samanensis, 

Sind—B. E. N. Eao (Bangalore) is preparing a detailed account 
of a species of Lithophyllum which he discoyered in a thin section 
' a foraTniniferal limestone of Upper Eanikot age, from Jliirah, 
The material comes from the Geological Survey collections. 
The present species is different from X. LocMiarti Eao, pievionsly 
described from the Eanikot beds of the Samana Eange (E. W. 
Frontier Province), A Dasycladacea, ErdtXcZk ranilcotensis Walton, 
pr<3vioiis]y described nnder the name Triploporella ranilcotensis 
Walton (1026), is already known from the Eanikot beds of Sind. 

S. E. IST. Eao (Bangalore) has discbveied fragments of 
LitJwtMmnium in thin sections of the Pellatispira limestone from the 
hrummnlitic series near Surat. From a study of the foraminifera, 
he considers the limestone to be of Upper Eocene (AuverSian) age 
and he is at present engaged in an investigation of the algal contents. 

Andaman Islands. — In 1926 E. E. Gee described and figured 
a species of Ardiceolithothamnium (not Zithothamnium nummulticum) 
from the Lepidoeyclina limestones of Miocene age fi om Long Island, 
near Middle Andaman. In sections of the same limestone, which 
S. E. ]Sr. Eao (Bangalore) obtained from the Geological Survey of 
India, he has recognised several species of algae of the genus 
AmpJiiroa, which has not so far been recorded from India. AmpJiiroa 
is of frequent occurrence in post-Eocene limestones in other parts of 
the world. A report on the algae studied is under preparation. 

Behar. — K. A. Chowdhury (Dehra Dun) has received for 
detailed study 27 specimens of petrified wood of Tertiary origin, 
collected by A. K. Banerjee of the Geological Survey of India. 

Assam^. — K. A. Chowdhury and his co-workers at Dehra Dun 
are studying a large collection of fossil dicotyledonous woods from 
various Tertiary localities. The collection includes one specimen 
from the Jey pore Eange in the Lakhimpur district, 20 specimens 
collected by P. E. Datta of the Assam Forest Service in the hTowgong 
district, 31 specimens collected by K. B. Mohanlal of the Indian 
Forest Service in the bed of the Tailangthu Nadi (river) and 47 
specimens collected by K. A. Chowdhury at Diphu, on the Assam- 
Bengai Eailway. 

Burma. — Six specimens of fossil dicotyledonous wood, eollected 
from the Pakokku Meiktila and Shwebo districts of Burma and 
sent by M. N. Gallant of the Indian Forest Service, are also being 
investigated by K. A, Chowdhury. 

Pleistocene 

Eashmir.’--G. S. Puri (Amritsar) is engaged at Lucknow in 
describing a large collection of fossil remains from the Upper Karewas 
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of Kashmir. The preliminary results of this study were publislieci 
in Froc, hid. Sci. Congress y Lahore^ 1939, pp. 127-128 and IM4., 
Iladras, 1940, pp. 146-47. Photographs of the genera BeMa, AlnuSj 
JDdsmoditim, Prunus^ Quercus, Sageretia^ RliamnnSj AeseuluSj 
Borhcris and Salix from this flora, made by G. B. Puri, 
api^eared in the memoir by H. de Terra and T. T. Paterson 
on the Ico Age in Kashmir and associated human cultures 
(Cameg. Inst. Washington 1939) pis. LIII, LIV. Detailed 
investigations of C. B. Middlemiss’s collections of 1910 from 
Ludarmarg (Pir Panjal Eange) at the altitude of 10,600 ft. 
(kindly lent to the author by the Director, Geological Survey of 
India), and H. de Terra’s collections of 1932 from the same 
locality, are in progress. More than 40 species belonging to 30 
genera distributed over 22 families of modern plants have been 
described from leaves, fruits and pieces' of twigs. Below are 
given tlie genera with the number of species recognised : 
Berbcris (2), Rhammis (1), Berchemia (1), Acer (2)^ Besmodium (4), 
Pyrus (1), Gotoneaster (1), Spiraea (1), Parrotia (1), Syringa (1), 
Cornus (1), Machilus (2), Litsea (3), Phoebe (1), Pittosporum (1), 
Mallotiis (1), Buxus (2), Ficus {1), Quercus (2), Alnus (1), Ulmus (1), 
SMmmia (1), Toddalia (1), Myrsine (1), Ilex (1), Trapa {l)cTypha 
(1), Pinus, Taxus, Abies, Juniperus Sbiid Gmmmedd gen. indet. 

The species of Quercus, Alnus, Machilus, Litsea, Phoebe, 
Mallotus, Ficus and Aggt found as fossils in this flora do not grow 
in the Kashmir valley to-day; however, they are common forest 
trees in nearby regions in the Himalayas. 

Quantitatively the best represented genus in the collection is 
Quercus. Such a great abundance (as much as 70%) of oak leaves 
suggests the probability of oak forest near the site of deposition. 
The study of this flora promises far-reaching conclusions which are 
likely to throw light on the Ice Age in Kashmir. Purther material 
from Laridura, Botapathri and Mngal Kullah has been collected 
by the author this summer. 

Ceylon. — G. S. Puri is describing a fossil stem collected by P.E.P. 
Deraniyagala of the Colombo Museum from a gem pit at Oolomba- 
garna; in Eatnapura district. The greater part of the specimen is a 
pith cast of Bambusa sp. with a clear node and a part of an inter- 
node. Portions of the wood with the fibrovascular bundles are also 
preserved. Macerated preparations have been made from the 
organic matter still preserved in the specimen with the fossil. 

On splitting a portion of the pith-cast, which consisted of a 
filling of ferruginous rusty brown gravel, a few impressions of dicoty- 
ledonous leaves were discovered which seem to belong to species 
represented in the present-day flora of Ceylon. Leaves of the com- 
parable modern genera are being examined foi comparison with the 
fossil impressions. 
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STUDIES IN ABSORPTION AND 
TRANSPIRATION=* 

III. Effects of Hypertonic Solutions on Leaf Turgidity 

By T. Eicambaram and Miss V. K. TTamat.aw 

Beceived for publication on September 4, 1940 

The problem of the ascent of sap ha;S been studied by various 
investigators, but the part played by living cells in this ascent is 
under dispute. According to Bose,^ water is pumped by and through 
pulsating cortical cells in which waves of contraction and relaxa- 
tion succeed. He was of opinion that the activity of pulsating cells 
could be interfered with by action of a stimulant or a depressant. 
If the former acted on the living cells, absorption of water would 
be increased whereas with the latter it would be the reverse. This 
view finds only very few supporters. 

Strassburger'^, Overton^ and Macdougal showed that the ascent 
of sap could go on in the plant even after the death of the cells of 
the stem cortex. Similarly Ekambaram and Eao® found that the 
killing of the cortical cells of a cut shoot of Barleria eristata with 
20% formalin did not cause a change in the rate of absorption. 
When hypertonic solutions were supplied by them to the cut end of 
a shoot, they found that there was a fall in the rate of absorption 
as the solution passed up the stem. The magnitude of the fall 
depended on the concentration of the solution supplied, age and 
water content of the shoot. The fall was negligible in the case of 
an old shoot and did not affect transpiration. But in young and 
turgid shoots, both absorption and transpiration were affected. 
This was explained as being brought about by a shrinkage of the 
cortical cells which cause a mechanical constriction of the vessels, 
thereby increasing resistance for the passage of water through them. 
With older shoots, the constriction of the vessels was taken to be 
less because of their greater rigidity. 

In the present study, evidence is offered to sho-w the correctness 
of the explanation given above by recording the effects of hyper- 
tonic solutions on leaf turgidity, when applied to the cut ends of 
shoots. Incidentally, evidence is offered against Bose’s stimulation 
tlieory. 

Apparatus 

The movement of the leaf was recorded by attaching a lever 
to a suitable part of it. The change in the position of the lever 


- Contribution from the Presidency College Botany Laboratory, 
Ma'dras. 



12 


T. UK AMB ARAM AND F. X KAMALAM 

was recorded on a revolving drum by burning tbe 

drum at definite intervals by passing an electric spark tnroiigli it. 

The whole arrangement is shown in Fig. 1. 



Matebials 

The experiments were conducted with young and old shoots of 
Tecoma stans, Barleria eristata and Artemesia species. The old 
shoots in the case of Tecoma had a mature lower portion which 
represented the growth of the previous season and a young portion 
at the top which was formed during the present season. 

The usual precautions in the preparation of cut shoots ‘“o'* 
experiments were observed. Sodium chloride and Potassium 
bromide were the salts used.- 

Eesults 

Tecoma stans : 

Experiment I — ^Gr. 9 — ^Effect of 10% Sodium chloride at the cut 

end. 

Nature of the shoot — ^Young, three pairs of leaves ; cut end to 
first pair of leaves to which lever was attached 2". Length of the 
petiole to which the lever was attached IJ'". 

Eecording started with cut end in water 10-15 A.M., change to 
10% sodium chloride 10-29 a.m. The leaf was steady for the next 
two minutes. This was followed by a gradual fall for 5 minutes 
and then there was a very quick fall. At the end of 17 minutes 
after treatment the lever had moved to its maximum and recording 
was stopped. 

Experiment II— Gr. 8— 10% Sodium chloride. 

Nature of the Old, three pairs of leaves, mature stem 2"', 

young stem , length of the petiole to which the lever was 
attached If"'. 


* The graphs presented are direct but reduced reproductions of actual 
records. 
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the n4t 7 minr,7it r Po«i«on of the leaf for 

me next / minutes. Gradual fall started later. 

of thlTamrSooffor^^' suppjied with the cut end 

and 5 minutes with chanS“r4te?h7h^44m'“*®'’ 

♦ 

Gr. l-10%NaCr*--.. 


Gr. 2-10% NaCI 
, Gr. 3-10% NaCl 


H2O •.. 


ARTIMISM 

Gr. 1. Pre-treated by exposure to sun 
Gi’. 2. Non-treated 


barleria 

Gr. 3. Shoot—Yoang 
Gr. 4, Shoot—Mature 


Gr. 4-10% NaCl 


Gr. KBr ^ 

I 


Gr. 7-20% KBr 


Gr. 6-10% KBr 

TECOMA *'"***..^ 

• 9. Shoot — Young,*'., 


Gi*. 8. Shoot — -Mature ' * • . . 

Grs. 9 & 10. Maximum fall of the leaf after each 
treatment 

* ' NaCl for successive different periods 

Gr 8-10°/ 'Nan ^’'-^^-P'f^erentconcentrationsofNaCI- 
. .A ..... successive similar period 


Gr. 9-i0'% NaCl 


Gr. 9 
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„ Gr. lO 

n §§ 


5^'^ Sf?.S^gS, 
S S , § fe' « « ^ 
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Eecordlng started in water S-IS a.m. ; change to 10% E'aGl 
9 A.M. ; no change in the position of the leaf for the first 3 minutes 
and gradual fall from 9-3 a.m. Change to water 9-15 A.M. ; fall 
continued till 9-22 A.M. and then gradual rise. At 10 a.m.j recoveiy 
to the initial position was completed. At 10-15 A.M. change to 
IjTaCl solution. 10-25 A.M. change to water. Fall started at 10-17 
A.M. and continued till 10-40 a.m. Eecorery started at 10-49 A.M. 
and was completed by 11 a.m. Change to ]!l7aCl solution 11-45 a.m. 
Change again to water 10-50 a.m. Fall started at 10-47 A.M. and 
continued for a short period. Eecovery was completed by 12-5 p.m. 

Maximum fail of the leaf after each treatment with 27aCl as 
magnified by the lever: — 

10% NaCl for 15 mins. Fall 6 *5 cms. 

,j 5, 10 5, ,,4*5 ,, 

J? }? ^ J? JJ 

Experiment IV — Gr. 11. — ^Application for 5 minutes in each 
case of 1%, 2%, 5%, 10 % and 20% KaOl to the cut end of the same 
shoot at successive periods with change to water in between. 

Nature of the shoot. — ^Young, three pairs of leaves; cut end to the 
first pair 2". Length of the petiole to which the lever was attached 
ir. 

2-30 P.M. — ^recording started in water. 

2-50 p.m. — ch^ange to water, no change in the position of the 
leaf. 

2- 55 P.M. — change to water, no change in the position of the 

leaf. 

3- 5 P.M. — change to 2% IjlaCl. 

3-10 P.M.— change to water, no change in the position of the 
leaf. 

3-20 P.M. — change to 5% hTaCl. Fall started after 2 minutes. 

3-25 P.M. — change to water. Fall continued. 

3-31 P.M, — maximum fall. 

3-34 P.M. — ^reco very started. 

3-44 P.M.— recovery completed. 

3-50 P.M. — change to 10% ISTaCl. Fall started after one minute. 

3- 55 P.M.— change to water. Fall continued. 

4- 1 P.M.— maximum fall. 

4-13 P.M.— recovery started. 

4-30 P.M.— recovery completed. 

4-30 P.M. — change to 20% NbjOL Fall started in one minute. 

4- 35 P.M.— change to water. Fall continued. 

5- 17 P.M.— maximum fall, • 

6- 10 P.M.— no sign of recovery. Eecording stopped. 
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Maximum fall of tlie leaf after each treatment as magnified by 
the lever; & . 


1 % Solution 

2 % 

5% 

10 % 

20 % 


f IsTaCl — 5 mins. 



?? 

?? 

?? 

?? 

n 


35 


Fall nil. 

„ O'Scms. 
„ 2*0ems. 
,, 3*2 cms. 


Experiment 7— Gr. 7. — ^20% KBv, 

Nature of the shoot, — Young, three pairs of leaves ; cut end to 

first pair 21" ; length of the X)etiole to which the lever was attached 

1 1 '' 

-1-0 • 


Eecording started in water 8-10 a.m. Ghange to KBr solution 
(20%) 8 *15 A.M. Fall of the leaf started after one ininnte. The fall 
was rapid and reached its maximum by 8*27 a.m. The recording 
was then stopped. 


Experiment VI — Gr. 6. — 10% KBr. 

N ature of the shoot. — Young, three pairs of leaves ; cut end to the 
first pair 2^" ; length of the petiole 1 J". 

Eecording started in water 9-55 a.m. Change to 10% KBr 
10 A.M. Fall of the leaf started after two minutes. Maximum fall 
was reached by 10-26 a.m. The rate of fall was slower than in the 
former case (i.e., when treated with 20%). 

Experiment 7JJ— Gr. 5. — ^2|% KBr. 

Nature of the shoot. — ^Young, two pairs of leaves ; cut end to 
the first pair 2". Length of the petiole to which the lever -was 
attached 21". 

Eecording started in water 12 noon; change to 2|% KBr al 
12-10 p.M. Ko fall of the leaf. 


Eecapitulation of Eesijlts 

1. When young and old shoots of Tecoma stans were treated 
with 10% KaCl, the time taken for the leaf fall to commence 
was considerably less with the young shoot and the rate of fall 
was also quicker in the young vshoot. 

2. When the same solution was supplied to the cut end for 
difierent periods, the magaitude of the fall depended on the period 
of /supply. 

3. When different concentrations were supplied to the cut 
end for the same period, the magnitude of fall depended on the 
concentration and the time required for the commencement of the 
fall was shortest with the highest concentration. 

4. When different concentrations of Potassium bromide were 
supplied, the time required for the commencement of the fail and 
the magnitude of the fall depended on concentration. 
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Barleria cristata : 

Experiment I — 6r. 3. — 10%j^!raCL 

Nature of the shoot.— i pairs of leaves ; cut end to the second 
pair 3". Lever attached to second pair. 

Eecording started in water. Change to 10% NaCl 1-20 p.m. 
Fall started at once. Change to water 1-28 P.M. Fall continued 
for the next 26 minutes and then recovery commenced. Eecovery 
was completed 45 minutes after the supply of water. 

Experim&ni II — Gr. 4. — 10% NaCl. 

Nature of the shoot. — ^Mature, 5 pairs of leaves. 

Eecording started in water 2-5 p.m. Change to 10% EaCl 
2- 10 P.M. FTo fall in the position of the leaf. 

The reaction of a shoot of Barleria was similar to that of Teeoma 
when osmotic solutions were supplied to the cut end of the shoot. 

Artemesia sp. 

Experiment I — Gr. 2. — 10% KBr. 

Nature of the shoot. — ^Toung, 18 leaves ; cut end to the leaf to 
which lever was attached 5|". 

Eecording started in water 8-20 a.m. Change to 10% KBr 
8-33 A.M. Ko fall till 8-50 a.m. when the recording was stopped. 

Experiment II — Gr. 1. — ^10% KBr. 

Nature of the shoot. — ^Young, 10 leaves ; cut end to the leaf to 
which the lever was attached 3". 

Treatment given to shoot before recording was staHed. — Cut at 
7-50 A.M., exposed to sun 30 minutes, cut again under water and 
kept in the laboratory with the cut end in water. 

Eecording started in water 9 A.M., when the position of the leaf 
was steady ; change to 10% KBr 9-16 a.m. Leaf fall started at 
once and continued for the next 28 minutes, when recording wms 
stopped. 

Experiment III. — 10% FraCl. 

Nature of the shoot. — ^Young, 6 leaves. 

Treatment given to shoot before recordhig was started.— Cut Ab 
10 A.M., exposed to sun 30 minutes. Leaves wilting ; cut again under 
water and kept with the cut end in water, leaves recovered turgidity 
Avithin 10 minutes, removed shoot from water at 12 noon and 
exposed to air in laboratory for 20 minutes, cut under water again 
and left with the cut end in water. Shoot normal in appearance. 

Eecording started in water 2 -25 p.m., leaf steady. Change to 
10% KaCl 2-32 P.M. Fall commenced after one minute and (mn- 
tinued at a rapid rate (no graph presented). 

Experiments similar to Experiment I but with 10% KaCl 
instead of KBr gave similar results. When a young shoot of 
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Artemesia, cut and kept iinder water, was later changed to 10% 
KBr or E'aCl, the leaf of the shoot showed no leaf fall for the first 
half an hour, hut when the same shoots were treated first in such 
a way as to bring on a water deficit, without wilting, and were 
subsequently treated with the same osmotic solutions, fall in the 
position of the leaf occurred even within a few minutes. 

A large number of experiments similar to those described above 
but using different osmotic solutions such as KhTOg, sugar, etc., gave 
parallel results. 

Discussion and Conclusion 

The experiments described with young shoots of Teeoma stans 
and Barleria eristata show that in the case of young shoots of thes'e 
plants there is a fall in the position of the leaf very soon after the 
application of a hypertonic solution to the cut end of the shoot. 
The fall in the leaf is an indication of the loss in the turgidity of 
the leaf cells due to transpiration being greater than water supply. 
Ekambaram and Eao^ have shown that under similar conditions 
both absorption and very soon transpiration show a fall. As long 
as the shoots are in water, the balance between supply and loss is kept 
up. But the hypertonic solution at the cut end has caused a distur- 
bance in the water balance of the cut shoot. If the behaviour of a 
young shoot is compared to that of an old one under similar condi- 
tions, it is seen that the leaf fall is very much delayed in the older 
shoot. This indicates that in the old shoot, the leaf fall begins 
only when the hypertonic solution reaches the young portion of the 
stem. This difference between the young and the old shoots can 
be accounted for by the difference in the nature of the xylem in the 
two. In the older part of the shoot, the wall of the xylem vessel 
will be more rigid and less compressible than the walls of the vessels 
in the younger parts. When the tensions in the stem tissues are 
altered by the entry of the highly osmotic solutions, the vessels in 
the young shoots get compressed and offer resistence to the up-ward 
flow of the solutions and the water balance in the leaf is quickly 
affected. 

The other experiments described 'with Teeoma stans go to con- 
firm the explanation given above. Pierce,® after describing the effects 
of fieezing on water conduction, comes to the conclusion that the 
living cells of the stem tissues condition the ascent of sap, 
but that they cannot be said to cause it. The present study shows 
liow the conditioning is brought about. 

The experiments with Artemesia show that even with young 
shoots the water balance in the leaves is an important factor. It 
is seen that when the leaf cells are fully turgid, the loss of water 
required to bring on drooping of the leaf has to be considerable. 
This is why the response of an Artemesia shoot to the hypertonic 
solution is different from that of Barleria cristata or Teeoma stans. 
But when the water balance in the leaf is adjusted by pretreatment 
then the response is similar. 
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position of tlio leaf. , ... 

2 When hypertonic solutions are applied to the . 

voniiff shioots ot Teeoma md Barleria there is a very quicl loss oi 
turgidity in the leaf cells and the leaf falls. The fall i« V 

mature shoots till the solution reaches the young pait oi the - 
?he expCation is offered that in young shoots a constriction ot the 

vessels is brought about. , „ . , • , . 

3 In the case of Artemesia, if the leaves are fully turgid no 
f.U o«nS tor quite » long time. But it the wuter eouteut o the 
shoot is reduced by previous tieatment, there is a qmch fall as 
in the previous ca ses. The depressive response of Bose is considered 
to be really due to the constriction of vessels in the stem. 

Part of the work of this paper was carried out in collaboration 
with Mr. I. N. Madhusudana Eao, m.a., m.sc., and our thanks are 
due to him. 
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Introduction 

Water is one of tbe important factois tliat control plant growth 
and plant yield. The main source of water for a plant is the soil. 
A study of water absorption by the roots is therefore of great im- 
portance both from the point of view of plant physiologists and agro- 
nomists. In spite of its importance, the problem has not received as 
much attention from botanists as it should. We have however a 
limited knowledge of some of the factors that influence the entry 
of water into the roots — as temperature, osmotic concentration, 
pH value of the solution surrounding the root, effect of specific 
ions, etc. But our present-day knowledge of the importance of soil 
gases in absorption is very meagre. The influence of soil aeration 
on root growth has been emphasised by various workers ; but very 
little work has been done so far to show the effect of these gases on 
absorption of water. This study was therefore undertaken with the 
view of finding out the effects of soil gases on absorption of water 
by the roots. Oxygen and carbon-di-oxide which are supposed to 
exert considerable influence on root growth and root activities have 
been taken separately and their individual effects on absorption of 
water have been studied. The present paper deals with the effect 
of oxygen concentrations on absorption. The effects of carbon 
dioxide concentrations on the same physiological processes will be 
published later. 


Part of the thesis approved for the M. Sc. Degree of the Madras 
University. Contribution from the Presidency College Botany Laboratory, 
Madras. 
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MATEEIALS AND METHODS 

For the. preliminary experiments,, a number of plants were tried 
like B^jlsMiy Amaranthus, Tomato, ^ Erythrina, Beans, Cattori, aiicl 
Eolygomm* Of EfythriM djiid' Polygonum glabfU'ni 

were finally chosen for the present investigation^ because of the 
comparative ease with .which they could be grown in ‘water culture. 

In the case ot ErytJirina indiea, the seedlings were grown in 
Knop’s solution from the germination stage. Cuttings ot Polygonum 
glabnm were grown in ordinary tap water. In both cases, iila-iits 
made normal growth of the shoot and the root systems. 

Selection of Plants for Experimentation 

ErytJirina indica — 

In spite of all precautions taken in selecting tlie s(*eds and 
growing them under similar conditions, the plants did not. (-xhibjt. 
uuiform.ity of growth. For all .experimental purposes, plants havii.-g 
similar appearance of the shoot and the root were selected. Tli(‘ 
selection was however confined to individuals between 14 to IS days 
old. In all cases detailed records of the shoot and the root w'ere ke|)t 
along with the exact age of the plant so as to make the result.s 
strictly comparable. 

Polygonum glabrum — ■ 

For any one set of experiments done on the same day, plants 
of the same age and similar appearance were selected. 

Apparatus— 

Absorption of water was measured in two ways : — 

1. ■ Diiect (Potometer) method 

2. Automatic lecording method 

1. J)iw^ This method is very simiile and has been 

adopted by a number of workers to measure absorption,. Tube A 
(Fig. 1) of 80 to 100 c.c. capacity was first filled ‘vdth distilled water. 
A three-holed rubber stopper -was then gently pushed in . of 1 ho 

holes took the plant and the other two had two tubes with stop-coeks 
E and 0 passing through them. The upper end of B was }>iowi'i out 
into a bulb which served as a water reservoir. C terminate d i.Ti a 
paduated pipette (2 c.c., divided into 200 divisions). Afttu* imsliiijg 
in the stoppw with, tubes, the whole arrangement was made* air- 
tight and completely filled with water. The end D of stop-ee>ek C 
always remained under water inside A. To the end of th.e graduated 
pipette was attached a rubber tubing ET. The whole aiTiingeuuuit 
was then immersed in a watejr-bath, in such a w'ay that only the lip 
of the rubber tubing and the neck of the reservoir 'were above the 
water-level. The region of the stem under water *was coated witli 
paraffin of low melting point so as to avoid contact with w'ater. 
By closing C and by opening B and E, water in the tube could easily 
be changed without distutbing any of the external conditions . The 
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reservoir "was always Mled witii the same solution as in A. After 
introducing the solution into the bulb, a thick film of paraffin oil was 
poured over the sui'face and on this again, was poured hot paraffin, 
which on cooling formed a thin crust. These precautions were taken 
to minimise the diffusion of gas from the solution in the reservoir. 



Beadings were taken at fixed intervals (ordinarily every half 
hour) and the quantity of water absorbed by the plant was noted 
directly by reading the movement of the meniscus in the graduated 
tube. Whenever needed, the stop-cock B was opened and water 
was let in from the reservoir to the tube A and the meniscus brought 
to the desired position in the graduated tube. 

2. Automatic Recording Method— K few preliminary experi- 
ments were first done with the automatic micro-absorption apparatus 
used by Ekambaram and Bao (1933). Later it was found desirable 
to modify the lever part of the apparatus. A new device was 
therefore adopted, the principle of which is similar to the method 
employed by Knight (1922) to measure stcmatai apertures. 

Description and Manipulation of the Au;tomatic Apparatus— As 
in the Botometer method here also tube A was first filled with 
distilled water (Eig. 2). The three-holed rubber stopper with the 
plant and the glass tubes was then gently pushed in. The w^hole 
aiTangement was later made air-tight, special care being taken to 
seal both the ends of the tube G, The apparatus was then placed 
in a water-bath. By manipulating E, 0 and I), water from the tube A 
could be siphoned out and any desired solution put in without 
altering any of the external conditions. The stop-cocks C and D 
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were 'fliers closed and F opened and the rate of absorption again 
recorded. 

As the plant absorbed water, the pressure in tube A was 
reduced. Air was drawn through K and finally bubbled out 
through water in tube G. As the bubble was formed at the tip 
of J, it depressed the mercury surface M and when the bubble 
escaped the mercury surface oscillated slightly and made a naonien- 
tary contact with electrode E. This completed the circuit and 
a record was made on the revolving drum. 

The volume of water ^absorbed per bubble w’-as measured by 
attaching a calibrated tube to tube K. A small drop of oil wus 
sent into this tube from the open end. The movement of oil in the 
tube was noted for each bubble. Averages of a few readings ’were 
taken as the volume per bubble. 

The bubbler, when once adjusted, showed no variation in the 
volume of the bubbles and the manipulation of the other parts of the 
apparatus caused no disturbance in the bubbler. The volume per 
bubble was ordinarily adjusted to 0-02 to 0*04 c.c. With this volume 
the rate of absorption was from 5 to 20 bubbles per 15 minutes 
depending on the age of the plant and the external conditions. 

The important precaution that had to be taken in the case of 
the automatic recording method was the adjustment of the distance 
between the mercury surface and the end of the tube J. If this 
distance was too little then bubbling never gets uniform, as the 
pressure inside was never equalised fully, when the bubble escaped 
into the root chamber. 



Transpiration — 

The method employed by Ekambaram and Eao (1933) wras 
adopted to measure the transpiration of plants (Eig, 3). This 
method was found to be very efficient and simple. The transpiring 
plant was hung from one end of the beam of a balance. Weights 
ware added to the other pan so as to bring the beam into 
equilibrium. When the plant lost a certain definite weight of 
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wateiy a steel ball was aiitomatically dropped into (Dummy cup) 
D.O. of the apparatus wMcli was not in connection with the root 
chamber. This made a mark on the revolving drum. 

Experimental Procedure — 

The paints selected for the experiments were brought up from 
the green house the evening previous to the day of experiment- 
ation, fitted lip in the tubes filled with tap ivater, after washing the 
roots thoroughly, and left outside in the laboratory. The next 
morning the tap water was changed with distilled "svater exposed 
to air, the apparatus fitted up and placed in the water-bath for about 
two hours before the recording was started. 

During the period of experimentation the external conditions 
which affect the transpiration of the shoot were not kept under 
control. But the variations were of a small magnitude since the 
apparatus was kept in a protected room. A number of control 
experiments done during the year of 1935-’36, 1936-^37, 1937-^38 
showed that absorption of water by the roots kept steady through- 
out the experimental period during each day from the end of May 
till the beginning of July. A control experiment was found to be 
unnecessary at that part of the year although now and then they 
were run as checks. 

During the other parts of the year, particularly, in August and 
September, when the rains commence in Madras, a control was 
found to be absolutely essential. 

Often more than two plants, in addition to the control, were 
fitted up. These received uniform treatments on most of the days 
so that any difference, in individual behaviour could be noticed. 
Usually they were fitted up one immediately after the other. 

General Methods of Treatment- 

Two sets of treatments were given. 

I. Treatment for the First Lot — 


Treated 

Control 

8 a.m. Tap water to distilled 

8 a.m. Tap water to distilled 

water. Apparatus 

water. Apparatus x^iaced 

in the water-bath. ' 

in the water-bath. 

1 1 A .M. Ohange to oxygenated 

11a.m. No change. 

water. 



Later on, a slight alteration was introduced in the mode of 
treatment, for reasons discussed under results. 
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II, Treatment for the Second Lot — 


Tk-eated 

Control. 

8 a.m;. Tap water to di^tilied 

8 A.M. Tap water to di.stilled 

water. Apparatus placed 

water. Apparatus placed 

m the -water bath. 

i n tlie wate r- b atli . 

1 0 A.M . Change to fresh d's*‘illed i 

10 A.M. Change to fresh distilled 

water. Recording started. 1 

water. Recording started. 

1 1 A.M. Distilled water to the desir- 

11a.m. Distilled water to distilled 

ed. solution. 

water. 


In the potometer and transpiration experiments^ the second 
procedure was adopted. 


Presentation of Lata — 

Even though care was taken in selection of plants to give uni- 
formity, the absorption or transpiration of individual plants were 
not comparable with each other. To make comparison of the 
different experiments possible, the method described here, of present- 
ing the data, was followed. 

The number of bubbles recorded during the last fifteen minutes 
before the treatment, was taken as the Initial Bate. The number of 
bubbles for every fifteen minutes after treatment was then calculated 
as percentages in terms of the initial rate and the graphs plotted* 

The same mthod was adopted for plotting the graphs of the 
potometer and transpiration expeiiments. In the case of the former 
the readings were taken every half hour. The absorption for 
every fifteen minutes period, was then calculated from the half hour 
so as to make the graphs of the Automatic and Potometer Methods 
comparable. The method of plotting the graphs in terms of the 
initial rate was followed. 

In the case of transpiration experiments, the quantity of water 
lost every one hour was first noted and from it the loss for every 
fifteen minutes was calculated. Graphs were plotted as in the other 
cases. 

The data of three typical experiments (two on absorption 
according to the two methods and one on transpiration) are given 
below. The first of these experiments show the detailed manner 
in which the records of the root system have been kept. 

Lirect Method {Potometer ) — 

Experiment I, (8-9-38). Table I. 

Effect of 18 *5 mgms. per litre dissolved oxygen on absorption 
of water by the intact roots of Eryihrina indica. 

First Change, Treated 10-5 to 10-7 a.m. Control 10 to 10-5 a.m. 

Second Change, Treated 11-35 to 11-38 A.M. Control 11-30 
toll-35 A.M. . ■ 


Expt, I, Direct Method 



Temperature of the water .. 30‘75°C. ±0* 
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Description of the Flants used for Experiment I. 


Treated i 

Control 

Shoot 8" tall (4 1eav,‘.s) 

Shoot 7" tall (4 leaves) 

Tioots liealthy and white but very 
thin. 

Boots healthy cTiid wlvite. 

Tap root 3" 

long. 

Tap root 3 *5 

long 


2 lateral roots 2 *5'' long (2 br. V) 

1 lateral root 3*5" 

long (2 br. 1") 

5 .. 

,, 3" „ (2 br.) 

1 

4*0" 

M (Sbr.J") 

30 „ 

„ 2 - 0 " „ (6br. i'-n 

2 „ 

3*0" 

„ (5 br. J") 

5 ... 

,, 2*5" „ (no br.) 

2. „ 

2r 

,, (no br.) 

1 

„ 3*5" „ (llbr. 1") 

V „ 

i-r 


2 

„ 3 -0' „ (5-6 br. J') 

8 5J j j 

2" 

11 { 11 ) 

28 „ 

,, 2*5" „ (nobr.) 

4 „ 

S|' 

„ { „ ) 



1^ >> j» 

2" 

!) ( J» ) 



14 

ir 

„ ( „ ) 




1" 

« ( „ ) 



1 11 11 

2" 

„ (5 br. i") 


Automatio Recording Method — 

Experiment JI. {3-8*~38). Table II, 

Effect of 19 mgms. per litre of dissolved oxygen on absorption 
of water by the intact roots of Erythrina indica. 

Set up at 8 a.m. 

First Change, Treated 10-8 to 10-10 a.m. Control 10-6 to 
10-8 A.M. 

Second Change. Treated 11-7 to 11-10 a.m. Control 11-15 
toll-20 A.M. 
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Table II 

Expt, II. Automatie Eeeoriing Methocl 


Treated 

Control 

No. of 
bubbles per 
15 mts. 
(recorded) 

Percentage 
of initial 
rate 

No. of 
bubbles per 
15 mts. 
(recorded) 

Percentage 
of initial 
rate 

IS 

90 

IS 

113 

22 

110 

38 

113 

21 

105 

16 

100 

20 

100 

16 

100 

Change 

Change 

21 

105 

IS 

113 

21 

105 

36 

100 

21 

105 

16 

100 

20 

100 

17 

106 

19 

95 

36 

100 

20 

100 

16 

100 

18 

90 

10 

100 

18 

90 

15 

94 

18 

90 

15 

94 

18^ 

90 

16 

100 

20 

100 

16 

100 

16 

80 

15 

94 

16 

80 

16 

100 

17 ' 

85 

15 

94 

. :16 ' 

80 

15 

94 

14 

70 ^ 

14 

ss 


Volixme of the bubble • • • • 0 *03 c.c. 

Air temperature at 11-15 A.M, •• 32°G. 

Water temperature at „ , . 30 *75® C- 

Day blight throughout. 
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2S : 

Transpiration-- 

Experiment III. (5-9-38). Table III. 

Effect of 22 mgms. per litre of dissolved oxygeB, on transpiration 
of Erythrina incliea , 

Second Change. Treated 11-30 to 11-40 A.M. Control 11-40 

to 11-55 A.M. ' • 

Table III 

Expt, III. Transpiration 


Treated 

Control 

Balls 

per 

hour 

Balls per 

15 ints. 
(calculatec'.) 

Percentage 

1 Balls 

per 

hour 

Balls per 

15 nits. 

( calculated) 

■percent a.,ge , 

50 

12-5 

100 

11 

1 

100 


Change 



1 

CH.ANGR 


55 

13*75 

110 

15 

3'*75 

136 

65 

16 *25 

130 

16 

i 4 

i 

145 

70 

17 *5 

140 

16 

4 

' ■ .145 , 

65 

16 *25 

130 

14 

3*5 

127 


Air temperature at 11 a.m. . . 32 *25 


Day clear and bright till 12-20 P.M. Slightly cloudy at 12-20, but 
cleared soon. Again cloudy at 2 p.m. and continued to be so till the end 
of the experiment. * 

In order to save space, the data of the various experiments and 
the details of the root systems have been omitted from this paper. 
The results will therefore be presented only in the form of graphs. 

Method of Freparing Solutions — 

Oxygen from a cylinder (gas from the cylinder was analysed to 
make sure that there was no COg in it) was bubbled through distilled 
water in a bottle with an inlet and an outlet. Bubbling through for 
different periods gave different concentrations of oxygen in the 
solution. This bottle was then stoppered air-tight and immersed in 
the water-bath at least one hour before the period of experimentation 
to equalise its temperature with that of the water in the bath, iifter 
transferring the required amount of solution to the root chamber, 
the rest of it was used to estimate the quantity of dissolved oxygen 
by the Winkler Metho 

. Eesdlts 

Absorption — 

Before a critical study of the graphs are made, the two methods 
of treatment preparatory to the introduction of oxygen solution 
into the root chamber as described under methods, require 
explanation. 
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During the earl 3 ^ period of t-Ms work, the first method of one 
change was adopted. Graph J^os. 1 and 2 would show that though 
the oxygen concentrations varied, ' the first part of the .graph In 
all the treated cases was similar and showed a sudden rise 
immediately after treatment. This indicated a factor independent 
of the oxygen concentrations of the solution introduced. Therefore 
experiments were done to elinxinate this factor. 

ABSORPTIOiSr 

ERYTHRINA INDICA POLYGONUM GLAE RUM 


k—ii 

Tine K««s *)t>'vya, 


4 O! 


fO 




Gr-i 




%-S flGiMs-'r-i-'Ot 

3 • k ■’i'i 
G .2 






■e-'-ea., 

6 u' '' 6 



i2e| 

ico^ J2JMG.MS^iO 

— — — ^ — 1 — ^ — I — . — . ■ 


'A’ isnsf;^ |«f Mc-MS-f-i-O. ICO 




A number cf experiments were then carried ont to see ilie eifect 
on absorption of changing the water in the root chamber. Finally 
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it was found that a change of water, one hour before the introduction 

of oxygen solution, would eliminate this initial rise. second 

method of treatment described was therefore adox3ted in all the other 
experiments. 

The oxygen concentrations used in the present study rangcni 
over wide limits. The exact concentrations used fell under the 


follomug 

groups: — 


I. 

15-23 mgrns. per litre of oxygen 

. Erythrina 

Grs. 1, 3 and 6 
Polygonum 

Grs. 0, 7 and 8 


dissolved in water 

II. 

10-15 mgms. Do. 

. Erythrina 

Grs. 4 and 6 
Polygonum 

Grs. 9 and 10 

m. 

1 — 10 mgms. Do. 

. Erythrina 

Grs. 2 and 5 
Polygonum 

Gr. 11. 


ITow it is essential to consider the range of individual variations 
in these experiments before one interprets the results obtained. 
The results of the three potometer experiments on 8-9-38 (Gr. 6) are 
of special interest from this point of view. The plants used for these 
experiments were all pre-treated in the same way and the experiments 
were conducted on the same day under similar conditions. The 
treatments given were different in the three cases. For plant 1 
(Gr. 6) the concentration of oxygen employed was 15 mgs. per litre 
while for plants 2 and 3 the concentrations were 18*0 and 11 -6 mgs. 
per litre respectively. The curves for absorption of the treated and 
the control plants were practically alike in plant 2, but for plant 1 
the treated curve was at a lower level than the control. Plant 3 gave 
an intermediate curve with the absorption for the treated at a 
lower level than the control, but higher than that of plant 1. 

A comparative study of a number of treatments— with 15-23 
mgs. per litre oxygen— on JErytlirina (compare Gr. 6, and Grs. 3, 2 
and 1) showed that the curve (Gr. 6, Plant 1) obtained in this case 
was not typical. The majority of curves obtained under this treat- 
ment were similar to the graph of plant 2 as shown in Gr. 6. The 
differences seen in Gr. 6 therefore must be taken only as indi- 
vidual variation. A number of experiments similar to those referred 
to here, showed the possibility of individual variations occurring 
within certain limits. This was found to hold good in the case of 
Polygonum also. Similar variations could be seen in transpiration 
as well (Grs. 12 to 23). 

The graphs obtained under the different groups of oxygen 
treatments did not show any characteristic differences, taking "into 
consideration the range of individual variations. In all cases, 
both in Erythnna and in Polygonum the treated and the control 
curves showed parallelism. Grs. 1 ^ 0 . 6 and 7 for Polygonum me of 
special interest. The cuttings in these cases had roots which were 
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oniy'‘‘ three days old. These roots at the time of experimentation 
were in an actiyely growing state-y with plenty of long and healthy 
root hairs, which were visible even to the naked eye.” As could be 
seen from the graphs, the treatment gave no difference in the rate 
of absorption, even though the roots were decidedly younger than in 
the previous cases. 

Transpiratio‘n , — 

Grs. 12-23 show the effect of oxygen on the transpiration of 
Erytlirina and Polygonum, In nature, transpiration of plants is 

TRANSPIRATIOhT 

ERYTHRINA INDICA POLYGONUM GLABRUM 





* Age of the roots used ordinarily for the experiments (PoZyf/onzm) 
10 to li days. 
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mucli more quickly affected by changes in the external conditions 
than absorption. Though in the present set of experiments no 
special attempt was made to control the external conditions, yet suffi- 
cient care was taken to keep the plants in a well protected room, 
where sudden changes of external conditions were not likely to happen. 
Grs. 12-23 show that a certain amount of indiyidual variation exists 
in the case of transpiration just as with absorption. Apart from 
these individual variations, the transpiration of JErytlirina and 
Folygomm w-ere not affected by the oxygen concentrations of the 
solutions supplied to the roots. 

Discussion 

So far only very little experimental evidence is available to 
show the effect of oxygen on absorption of water by the roots. In 
1897 Kozarov coDcliided from his experiments that lack of oxygen 
lowers the rate of absorption. Maximov cites the results of Kozarov 
in the following manner: — 

^‘'Kozaroy experimented with rooted plants in a potometer. 
By passing a stream of hydrogen or carhon-di-oxide, he deprived 
the roots of oxygen and was able to observe a delay in absorption. 
The retarding influence wdth carbon-cli-oxide was more marked 
than with hydrogen while prolonged exposure to carbon-di-oxide 
led to the poisoning and dying of the roots. From thivS Kozarov 
concluded that hydrogen merely deprives the root of oxygen, while 
carbon-di-oxide acts as a specific poison, The present WTiter w^as 
not able to get at the original paper of Kozarov. 

Livingston and Free (1917) state, in the case of those jdants 
which are injured by deficient soil oxygen, it is interesting pliysio- 
logielly, that the first effect of oxygen deprivation is an interference 
with the absorption of water by the roots. These investigators 
experimented with plants grown in soil. Water wus supplied to 
the roots by means of Livingston’s Auto-irrigator and absorption 
w^as measm'ed by noting the quantity of water lost from the Auto- 
irrigator. 

They found that absorption nearly stops within 24 hours, if 
Nitrogen w^as passed through the soil in which Coleus and ffelio- 
tropium \vere grown. According to these authors, the deprivation 
of oxygen first affects the respiration of the protoplasm of the 
absorbing root cells, resulting in their death and coagulation. The 
lowered rate of absorption w-as considered by them to be the result 
of this protoplasmic coagulation and of its subsequent incapacity 
to fmiction as water absorber. These authors, hoAvever, did not 
present any data in their paper although they had stated their 
general conclusions. " 

Bergman (1920) investigated the effect of submergence of the 
roots on transpiration. The general inference of his study was that 
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transpiration is increased on tlie first day after submergence and was 
soon followed by a fall. The rate of transpiration on tlie subsequent 
days was at a lower level as compared with tlie control. 

Hunter and Eicii (1925) recorded an accelerated transpiration 
rate, if air was passed tlirougb soil in wMcli Im/patiens halsmmna. 
grew. They did not present any data or graphs to substantiate 
tlieir statement on this point. . 

Cannon, Demaree and Purer (1933) studied the relation between 
evaporation, transpiration and oxygen consumption by the roots. 
They subjected their plants to sudden changes of light intensity and 
measured the transpiration of the plant and oxygen consumption by 
the roots during the dark and the lighted periods. The evaporating 
po-wer of the air was measured by means of atmometers. They 
found that a sudden transference of the plant from the dark to the 
light alwa;;y'S interfered with the amount of oxygen used b^' the roots. 
A fall in oxygen consumption by the roots was noticed when the 
plants were suddenly changed from darkness to light. The rate of 
transpiration, however, increased during the lighted period as com- 
pared with the dark. These authors, therefore, concluded that there 
was no positive relation between the rate of transpiration and 
oxygen consumption by the roots. 

The results obtained by Leta Henderson (1934) were not entirely 
in agreement with those of Cannon, and others. She found a 
correlation between the absorption of water and respiration. This 
investigator enclosed the shoot of the experimental plant in glass 
chambers and controlled transpiration and thereby absorption, by 
passing streams of dry and moist air through the shoot chamber. 
Absorption was measured by direct potometer method and 
respiration by quantity of carbon di-oxide given off by the roots. 
In a few cases, respiration was also measured from the quantity 
of oxygen consumed during unit time. Whether respiration was 
measured by calculating the oxygen used up or the COo given 
off, she found a direct correlation between the processes of absorp- 
tion and respiration. 

The extensive wmrk of Cannon showed that different plants 
responded differently to oxygen treatments — -some being very sensi- 
tive to oxygen difficiency, while others lived in the absence of 
oxygen for a number of days. During the years 1936 to 1937, the 
jjresent author grew seedlings of MrytMina for more tlmn two 
wveeks without any direct supply of oxygen to the roots. The plants 
• showed a fairly good amount of both shoot and root growth. These 
facts show thk is not an oxygen sensitive plant. Since 

no such experiments were done with it is not possible 

to say whether this plant in turn is oxygen sensitive or not. The 
present study shows that within the limits tried (1*5 to 22 mgs. 
per litre) oxygen is not a limiting factor in the absorption of wmter 
and transpiration of and during short 

periods. 


34 


V. K. EA3IALA3i 


In none of the present set of experiments was oxygen at com- 
plete dificiency. Whetlier a further lowering of oxygen below 1 - 6 
mgs, per litre will have any effect on absorption or transpiration 
is a matter for further investigation. 

A comparative study of the results obtained with the two types 
of plants, Brytlifina indica and Polygonum glabmm are of interest 
both from the ecological and physiological point of view. The plants 
investigated grow in entirely differnt habitats. Polygonum 
glabmm is a herbacious plant, which nsuaiiy grows in shallow 
waters or moist soil, in laige clumps, occupying wide areas. The 
roots are short and occur below the soil or water surface and must 
naturally be accustomed to a high content of oxygen in water under 
atmospheric conditions. Brythrina on the other hand is a perennial 
tree with a deep root system. 

The similarity in the oxygen effects noted in the case of both 
these plants throw doubt as to the importance of oxygen concentra- 
tions on absorption of water in general. From the present study it 
appears that a very wide range of oxygen concentrations in the soil 
water surrounding the roots has practically no influence on either 
water absorption or transpiration of i^lants of different habitats. 

This is certainly at variance with the generally accepted view 
of the importance of aeration on plant giowth. It is evident fiom 
these results that some factor other than pure oxygen concentration 
has to be looked for, in explaining the undoubted beneficial effects 
observed when roots are aerated. 

SXJMMABY 

1. The effect of different oxygen concentrations w^ere studied 
on absorption of water by the roots and transpiration by different 
methods. 

2. The oxygen concentrations ranged from 1;5 to 2*3 ings: 
per litre. 

3. These concentrations had no specific effect on absoiptidii 
of water or transpiration. 
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Introduction 

PoUantJies iuberosa Linn., the tuberose, is one of the commonest 
and most delightful plants in the Indian gardens. In suitable soil 
it produces tall spikes beafing hyacinth-like clusters of pure white 
flowers, which diffuse an exquisite fragrance for a wide distance 
around. Both single and double-flowered varieties are found 
under cultivation. Of these, the first is more fragrant. The plants 
are propagated by bulbs. At Benares they flower nearly throughout 
the year, but more abundantly during the rainy season and in the 
early part of winter. 23*0 seeds are formed, though some of the 
ovaries during the period of luxurient growth are quite commonly 
seen to enlarge considerably after the other parts of the flowers 
have withered away. The species is unknown in the wild state, 
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but bas been long under cultivation both, in tbe Old and the ITew 
Worlds. The genus FoUantlies, however, includes about a dozen 
other species. These are found in Mexico, other Central American 
countries and Trinidad. 

A morphological and cytological investigation of Polianihes 
tuherosa is desirable on acccount of several reasons. Although it 
has been so long and so much cultivated in all parts of the world, 
it has received scant attention both from morphologists and cyto- 
logists. The number of chromosomes has been reported by 
Whitaker (1934), but the detailed cytology is unknown. Similarly 
there has been no work either on the anatomy of the flower or 
embryology, except a small note by Palm (1920) on pollen formation. 
Other species and genera of the tribe Poliantheae, in which this plant 
has been placed by Hutchinson (1934), are completely unknown 
both , from morphological and cytological stand-points. Further 
the systematic position of the genus is now a subject for discussion. 
It has to be decided whether the group Polianthese should continue 
to form a part of the tribe Agavoideae, as believed by Pax and 
Hcffmann (1930), Wettstein (1924) and many others, or should be 
placed in a separate tribe as proposed by Hutchinson (1934). Hext, 
should the tribe Agavoide® continue to be placed in the Amaryl- 
lidacese, the . position assigned to it in the ^ Pflanzen-familien ’ 
(Pax and Hoffmann, 1930) and ‘ Genera Plantarum ^ (Bentham 
and Hooker, 1862-83), or should it form a separate family with the 
Dracsenoidese as suggested by Hutchinson (1934) ? Lastly ttie 
origin of Polianihes fuberosa is uncertain and it would also be worth 
while to investigate the cause of the marked sterility in the species. 

Pbevioxjs WOEK 

The tribe Poliantheas of Hutchinson (1934) includes three 
genera, Polianihes, Prochnyanihes and Pseudobravoa. Absolutely 
no morphological and cytological work has been done on the last 
two genera. The genus Polianihes has been investigated by Palm 
(1920) and Whitaker (1934). Palm showed that pollen grains in 
Polianihes tuherosa are formed in a successive manner, while Whitaker 
(1934) counted from meiotic divisions in the pollen-mother cells of 
the same species that the haploid number of chromosomes is thirty, 
of which five are large and twenty -five small. 

The literature on the related tribe Agaveae, which includes the 
genera Agave, Purer cea, Beschorneria and Doryanthes, is more 
extensive. Osterhout (1902) studied the development of spindle in 
Agave amerieana. Lary de Latour (1908) observed kary ornery in 
Agave aiUnuata, Scheff ier (1909) investigated meiosis in the pollen- 
mother cells of Agave virginiea. He reported 12 haploid chromosomes 
of unequal size. Muller (1912) reported 20 large and numerous 
small diploid chromosomes in ammeana, 12 haploid and 24 

diploid chromosomes in A. (?) and 10 large and 50 small 

diploid chromosomes in Besc/iomem From recent work it 

is clear that the reports of both Schaflner and Muller about the 
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chromosome number of Agave virginica are incorrect. Further 
what Muller regarded as A. amerieana was probably some other 
species. Ernst (1918) investigated the development of the embryo- 
sac and pollen in Furercea cubensis. He found the ovules bitegniie, 
formation of a w^all cell, four megaspores, Formal-tj^e of embryo- 
sac and nuclear endosperm. Schlimbach (1924) in his morphological 
study of the ovule and seed of Amaryllidace® investigated Agave 
cJiloraniha^ A, attenuata and Furor cea altissima. He found in all 
the three plants ovules bitegmic and four megaspores. In the last 
species he observed embryo-sac haustoria penetrating the nucelliis 
and pollen unable to germinate. Heitz (1926) reported ca. 40 and 
ca, 50 as diploid chromosome number in Furor ma Lindenii and 
F. altissima respectively, of which 10 were found to be large in both 
species. It is probable that his counts of small chromosomes are 
incorrect and the total number in both species is 60. Kevins (1927) 
described the development of the female gametophyte of Furercea 
Andina, Kewman (1928 and 1929) gave a very full account of all 
phases of the life-history of Doryanihes excelsa. The formation of 
pollen grains corresponds to the Simultaneous Mature pollen 
grains are 2-nucleate. The generative cell precedes the tube nucleus 
during development of the pollen-tube. Development of the embryo- 
sae agrees with the FormalAj^e. The synergids have prominent 
filiform apparatus. The antipodals are small, persistent and some- 
times multiply in number. Development of the endosperm corres- 
ponds to the EeloUalesAj^e. Chromosome number is 18-22 
haploid. Catalano (1929 and 1930) made embryological and cyto- 
logical studies in the genera Agave and Furercea^ reporting 7 as the 
haploid chromosome number in Agave Sisalana and 9 as the haploid 
number in Furercea gigantea. Both these counts are clearly in- 
correct. Koerperich (1930) reported 60 diploid chromosomes in 
Beschorneria Yuccoides, Catalano (1931^) investigated the develop- 
ment of embryo-sac and pollen in Agave atrovirens with special 
reference to the partial sterility of many individuals. He concluded 
that this is influenced by nourishment. Even absolutely sterile 
plants show pollen grains which can germinate in artificial sugar 
cultures and embryo-sacs which do not at all degenerate till the time 
of fertilisation. On the other hand even in highly fertile individuals 
always only a small percentage of ovules in an ovary form 
seeds. The same author (Catalano, 19316) gave an account of the 
morphology of the inflorescence of species placed in the section 
Fu-agave^ showing its evolution from a much branched panicle to 
one-sided, flattened, poorly branched umbels. Mckelvey and Sax 
(1933) studied the chromosomes of Agave amerieana^ A. consoeiata, 
A. filifera, A. virginica and Furercea BedinghausU and found that 
in all these there are 30 haploid chromosomes, of which 5 are large 
and 25 small. They found a similar chromosome complement in 
Yucca, Hesperoyucca, Glistoyucca, Hesperalce and of the 

Liliace^. This resemblance according to the authors points towards 
a common origin of these genera. Whitaker (1934) found 10 large 
and 50 small diploid chromosomes in Furercea gigardea, F. Boding- 
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hamii and F. SeMoa' and 36 somatic chromosomes in Boryantjm 
Palmeri: He observed chromosome numbers also in some nther 
monocotyledons and discussed their bearing on the classification of 
the Liliiflorse. Wunderlich (1936) found matiire pollen grains 2- 
celled in a species of Agave, 

Boughty (1936) investigated the cytology of seven species of 
Agave. He found 10 long + 50 short somatic chromosomes in 
A, angusiifolia and A^ Lespinassei, 15 long +75 short ehromo* 
somes in JL. cantala, 20 long + ca. 90 short in A, Zapupe, 24 long + 
ca. 116 short in A. fourerogdes, and 24 long +ca. 114 short in 
A. Sisalam. Meiosis was studied in five species. In A. amaniensis 
and A, angusiifolia the meiotic divisions proceed almost normally. 
Only rarely chromatid bridges are seen at I anaphase. The pollen 
is nearly noimal. In A. eaniala, trivalents, bivalents and univalents 
are observed during the I diakinesis and metaphase. At I anaphase 
many abnormalities are seen, like lagging univalents and chromatid 
bridges. There is a large amount of bad pollen, and the seemingly 
good pollen shows very poor germination. In A. Sisalana and 
A, fourcroydeSj quinquevalents, quadrivalents, trivalents and 
univalents are observed during the I diakinesis and metaphase. 
I anaphase shows many irregularities as observed in A. cantala, 
but the percentage of bad pollen is not so high. The authoi infers 
30 to be the basic number for the genus Agave and concludes that 
A, cantdla (So?), A. Sisalana {5(v) and A. fourcroydes (6x) are auto- 
polyploids. 

Vignoli (1936) investigated the cytology of about 20 species of 
Agave belonging to the sections Littaea and Fu- Agave, The meiotic 
divisions in the pollen-piother cells were seen to proceed nearly in 
a regular manner in A. Eovelliana, A. Bouchei^ A. Sartorii, A, Gilbeyi 
and A. Salmiana var. angustifoUa. Only a small number of mother 
cells were found to degenerate. The divisions were very irregular 
in A. Easelojfiij A, Warelliana, A. micracantha, A. Siscdana, 
A. Candelabrum and A. Zapupe, which propagate by bulbils. Follow- 
ing haploid chromosome numbers were reported as new" records* ; 
A. Bovelliana 25, A. BoueJiei, A. Sartorii, A. micracantha (and A. 
Easeloffiil) 30, A. Salmiana angustifoUa (and A. feroxi) 60, 
A. Gilbeyi 90, which with the exception of 25 form a polyploid 
series with the basic number 15. The species with many anomalies . 
in the meiotic divisions are apomictic and reproduce by bulbils. 
A. Salmiana is partly apomictic and forms both seeds and bulbils. 
A certain inclination towards apomixis, however, is shown b^" all 
Agave species. This along with the great variation in the species 
is due to more or less hybrid origin of most of the living species. 

The writers (Joshi and Pantulu, 1939) have recently published 
a short note on the anatomy of the ovary of PoUanthes tuberosa. 
Chakraverty (1939) has recorded in the bulbs of the same species the 


* Only two abstracts of Vignoli ’s paper in Bot, Zhl. have been seen. 
In these the chromosome numbers of those species only which have been 
recorded for the drst time are cited. 
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occurrence of anomalous secondary growtli of the same type as 
found in the aerial stems of Dracaena and Yucca, 

Schnarf (1931) has summarized the important embryologieal 
features of the tribe Agavoidege, including the Bolianthege, as'follows : 
Tapetum of the secretion type ; division of the pollen-mother cells 
simultaneous in Doryantlhes excelsa, successive in Foliantlies Uibewsa 
and species ; ovules throughout bitegmic; a parietal cell is 

cut off in AgavCj Furcrma and Doryanthes ; development of embryo- 
sac follows the iVom<xZ-type ; endosperm nuclear in Furcrma 
eubensis^ of the Helobiales-tjye in Doryanthes excelsa. 

The chromosome numbers reported so far in the tribe Agavoidese 
are tabulated below : — 


Ghromosome Numbers in the Agavoideae* 


Species 

N 

2N 

Author 

Agave virginica 

12 

- . 

Schaftaer (1909) 

tA. virginica 

12 

24 

Muller (1912) 

tA. americana 


20 -f many S 

JS 

"fA. rigida 

7 

• • 

Catalano (1929) 

t.4. Sisalana . . 

7 

(L & S) 


(1930) 

A, filifera 

30 

(5 L + 25 S) 


Mckelvev and 

Sax (1933) 

A . americana 




A, consociaia 




A, virginica ■ . . 

>5 



A, amcmiensis , . . 

30 

60 

(10 L -1- 50 S) 

Doughty (1936) 

A, angustifoUa 

■ }!> 

SI 

ss 

A. Lespinassei 


5S 


A.- caniala 

90/2 

. 90 

(15 L -i- 75 S) 


A. Zapupe 


ca. 110 

(20L -'r ca. 90 S) 

5 < ' 

A. fourcroydes 

ca. 140/2 

ca. 140 

(24 L -1- ca. 110 S) 

■ 9 5 


^ In this list 1 j stands for large chromosomes and S for small chromo- 
somes. ^ , . ■ . ■ 

t These numbers are obviously incorrect, 
j Probably some obheir species was studied. 
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Species 

N 

2 N 

Author 

A. Sisalana 

ca. 138/2 

ca. 138 

(24 L +ca. U4S) 

Doughty (1936) 

A. Sovelliana 

25 


Vignoli (1936) 

A, Bouchei 

30 


ft 

A. Sartor ii 

'V 


»> 

A. micracayiiha 

- 


” 

A. Haseloffii ? 

ji 


>* 

A. Salmiana var. 
angustifolia 

60 


*» 

A^ferox^ 

ft 


t* 

A . Oilheyi 

90 


ft 

^Furcrcm altissima . . 


ca. 50 

(10 L + 40 S) 

Heitz (1926) 

^F. Lindenii 


ca. 10 

(10 L + 30 S) 


F. BedirghausU 

80 

(5 L + 25 S) 


Mckelvey and 
Sax (1933) 

F. BedingJiausii 

•• 

60 

(10 L -f 50 S) 

Whitaker (1934) 

F. gigantea 


5» 


F. Selloa 


J5 

SI 

Beschorneria superha 


♦ r 

Muller (1912) 

B^Yiiccoides 


60 

(12 L H-48S) 

Kcerperich 

(1930) 

Doryanthes excelsa . . 

i 18-22 


Newman (1928) 

Boryanthes excelsa . , 

22 

, 44 

, M (1929) 

D. Pahnerii 

,*■ 

36 

(slight size 
differences) 

Whitaker (1934)" 

PoUanihes tuherosa . , 

30 

• • 

i ' ■ ■ ' ' 


(5 L + 26 8) 




§ Tlie couiits of smaa cnromosomas appear to be wrojcig. It is proba- 
ble that in both species there are 50 small ehromosonxes in addition to 
10 large. 


' ■•POLIAHTHES-TUBEEO^A LINW, ' ' 43 

Material- ais^d Methods 

Tlie material of PolianiJies hiberosa used for the present inyesti' 
gation was entirely collected from the Benares Hindu University 
gardens and from plants bearing only single flowers. It was fixed 
during the rainy seasons (July-September) of 1937 and 1938. 
During this period the plants grow vigorously and flower profusely. 

For anatomical and embryological work flowers were fixed in 
Havashin’s fluid and Eormalin-acetic-aclohol on sunny days during 
the hours 10 a.m. to 1 p.m. An exhaust pump was used when fixing 
material in Havashin’s fluid. The washing, dehydration and 
embedding in paraffin were carried out according to the customary 
methods. Sections were cut 6-10 ^jl thick according to the age of 
the flower and stage desired. Heidenhain’s Iron-alum Hseniatoxyliii 
was mostly used for staining, but Delafield’s Hsematoxylin was also 
used and found more suitable for studying the early stages of 
anther development. 

For cytological work the material was fixed in Flemming's 
(medium), Benda’s and FTavashin’s fixatives- The hours between 
9-30 and 11 a.m. on sunny days were found suitable for the purpose. 
Before fixing the stage of development of a flower was determined 
by making an aceto-carmine smear from one of the anthers. In the 
case of floral material only anthers were fixed. Perianth-leaves 
and ovaries were separated and excluded. Pretreatment with 
Carnoy’s fluid was tried, but did not yield good results. An exhaust 
pump, therefore, was used to cause the immediate sinking of the 
anthers in the fixative. Of the three fixatives used, Benda’s and 
Havashin’s gave more satisfactory results, but as many chromosomes 
in this species are of a small size, ’JTavashin’s fixative was preferred 
to Benda’s on account of its high acetic acid content and was more 
commonly employed. The material was embedded in paraffin 
according to the directions given by La Cour (1937). Sections were 
cut 10-12 pL thick and stained with Heidenhain’s Iron-alum Hsema- 
toxylin and IS'ewton’s Iodine Gentian Violet (Crystal Violet was 
used instead of Gentian Violet). To ensure proper staining a solu- 
tion of 1 per cent, chromic acid was used as a mordant after Crystal 
Violet. Smears of pollen-mother cells were fixed in Havashin’s 
fixative for one to two hours and stained with Iodine Crystal Violet. 

Development and Anatomy of the Flower 

dSTewman (1928) made a detailed study of floral organogeny in 
Boryanihes excelsa. The present observations on FoliantJies tuherosa 
entirely agree with those of Newman. As his account is profusely 
illustrated, no figures of floral development are given in this paper. 
The different whorls arise in strict acropetal succession, the order of 
differentiation being outer whorl of perianth, inner whorl of perianth, 
outer whorl of stamens, inner whorl of stamens and the carpels. 
The members of different whorls arise as separate piimordia, but 
soon the processes of adhesion and cohesion begin. The primordia 
of stamens and the perianth leaves just to their outside unite, and 
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tMs is followed by tlie uiiioii of all the perianth leaves and stamens 
and the formation of a perianth-stalnen tube. Binally the perianth- 
stamen tube fuses with the carpels and the flower reaches the 
epigynous stage. The carpels, however, do not lose their individii- 
ality completely, so much so that they are not completely united 
with one another laterally even in the mature condition (Big. 1). 

The most interesting feature of floral anatomy of FoUantJies 
tuberosa is that the traces for the various floral parts separate out 
.from the stele of the receptacle below the ovary, and in the wall 
of the inferior ovary the bundles of the outer and inner whorls of 
the perianth leaves, stamens and carpels are present cjuite distinct 
from one another. This is clear from Big. 1, which represents a 
transverse section of the ovary about its middle. There are seen 
on the outside 18 bundles for the six perianth leaves, each perianth 
leaf being supplied by three (one dorsal bnnclie and two lateral 
bundles). 'Eext there are six stamen bundles, one for each stamen, 
Just to the inside of the six midrib bundles of the perianth leaves. 
Finally we see in the middle of the transverse section, the vascular 
supply of the three carpels, consisting in each case of a dorsal bundle, 
two median lateral bnndles at the sides of the carpels and two 
ventral bundles. The signiflcance of this feature is discussed later. 

Development and Stedcttjue of the Ovule and 
Embeyo-sac 

The ovules in PoUanthes tuberosa are anatropous, bitegmic and 
borne in two rows along the margins of each carpel (Bigs. 1~4). 
IS&wmm (1928) says that the ovules in Boryanthes excelsa arise 
from the abaxial side of the carpels and are not exactly marginal. 
Such origin of the ovules has not been observed in the present 
material. The nucellus is well developed. Each, integument is 
mostly 2-5 cells thick (Big. 4). The mieropyle is formed by the 
inner integument only. The vascular supply of the ovule is limited 
to a single bundle which traverses the whole length of the raphe 
unbranched and ends blindly in the chalaza (Big. 3). 

The development ^ 0 ovules in agrees exactly 

with that of described recently by Earle (1938)-. The 

ovules after their differentiation from the carpellary margins (Big. 1) 
grow straight , till they meet the opposing dorsal wall- of the carpel 
(Figy 2) and then bend outwards and away from one another. 

stages in tlie development of the ovule. Figs. 5-14. Various stages in 
the development of the embryo-sac. Big, 5. Primary archesporiuri). 
Big. 6 . Formation of the primary wall ceii. Fig. 7. A linear tetrad 
of megaspores. Fig. 8 . A T-shaped tetrad of megaspores. Fig. 9. 
2 -nucleate embryo-sac. Fig. 10 . 4-nucieato embryo-sac. Fig. 11. 
A young 8 -nu cleate embryo-sac. Fig. 12. A mature T-imcIeate embryo - 
sac" showing the secondary nucleus at the chalazal end. Fig. 13. 
Antipodals from another embryo-sac showing one 2-nucleate antipodal. 
Fig. 14. Embryo-sac from a much enlarged ovary after all the other 
floral parts had withered away. Pigs. 1-3, X 36 ; Fig. 4, X 72 5 * Fig. 8, 
X 720 ; the rest, X 360. 


46 A. 0. J08HI AND J, V:.: PAWTULU ^ 

Ultimately growing according to the space availahlCj they assnme 
an anatropoiis form (Figs. 3 and 4). Similar development of the 
ovules is seen in many other LiliiflorsB and other flowering plants like 
Dilleniaceie, Magnoliacese, Aponogetonaceae, etc. The significance 
of this type of development in the origin of the anatropcus ovule has 
been discussed by one of us elsewhere (Joshi, 1935). 

There is a single hypodermal archesporial cell (Fig. 5), which 
differentiates along with the inner integument. It divides peri- 
clmally to form a primary wall cell and the megaspore-mother cell 
(Fig. 6). The primary wall cell divides first anticlinally and then peri- 
ciinally to form four cells arranged in two layers. These divisions 
are completed by the time of tetrad formation. In Doryanthes 
(Kewman, 1928), the parietal tissue is more extensive and consists 
of about seven layers at this stage. The megaspore-mother cell 
undergoes the two meiotic divisions in the normal manner to form 
a linear (Fig. 7) or occasionally a T-shaped (Fig. 8) tetrad. The 
chalazal megaspore develops into the embryo-sac according to the 
Formal-tj'pe (Figs. 9~12). The three micropylar megaspores 
degenerate early. Similar development of the embryo-sac has 
been obseived in other Agavoidese investigated so far, but acccrding 
to Kevins (1927) in Furcrcea Andina the micropylar megaspore 
functions, while the three chalazal megaspores degenerate. 

The 8-nucleate embryo-sac is at first nearly cylindrical (Fig. 11), 
but it soon begins to enlarge in the middle and assumes a broadly 
spindle-shaped form (Fig. 12). The egg is flask-shaped and quite 
normal in structure. In the earlier stages of development the 
synergids show vacuolation near the micropylar end also (Fig. 11), 
but these vacuoles ultimately disappear and the synergids have only 
a large vacuole towards their chalazal end and the nucleus in the 
micropylar half. In very old embryo-sacs synergids . commonly 
show small hooks (Fig. 14). Only unusual feature noticed is that 
very rarely an antipodal cell may be 2-nucieate (Fig. 13). Newman 
(1929) also observed in JDoryanthes a tendency for division in the 
antipodals. The polar nuclei meet near the centre of the epabr^yo- 
sac (Fig. 11), but after their fusion — It has not been possible to 
ascertain whether before or after fertilisation— they move tow^ards 
the chalazal end of the embryo-sac (Figs. 12 and 14). In Boryanfhes 
emelsa^ Newman (1929) has shown that the development of the 
endosperm corresponds to MelobialesAj^^. The development 
of the endosperm in Polianihes could not be worked out, but the 
movement of the secondary nucleus towards the chalazal end of the 
embryo-sac in this case may be taken as partial evidence for the 
occurrence of this type of endosprm in this genus as well. 

Material was sectioned for studying the development of the 
endosperm and embryo. For this purpose ovaries were taken from 
flowers which had bloomed many days ago and all the other parts 
had completely withered away. The ovaries had increased many 
times their size at the flowering stage and had to all outward appear- 
ance formed fruits. The sections of these ovaries, however, 
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revealed only ovules with very much enlarged embryo-sacs (Fig, 14). 
There was yet no initiation either of endosperm or embryo develop- 
ment. Due to lack of more advanced material the investigation 
on this point •»coiild not be pursued further. 

Development op the Anther 

Hewman (1928) says that in Boryanthes excelsa there is no 
clearly marked archesporium, either hypodermal or more deeply 
situated, but the sporogenous function appears to settle gradually 
on a small group of cells situated about three or four layers below 
the epidermis and similarly the primary parietal function might be 
regarded as settling gradually on the externally adjoining layers. 
The tapetum according to him is of sporogenous origin. As both 
these features are very unusual for angicsperms, an attempt has 
been made to follow the development of the anther in detail in 
FoUantJm tuberosa in order to see how far Newman’s account is 
correct. 

A rough study of anther development in FoUanthes tuberosa 
appeared to support Newman’s conclusions, but a more careful 
study, particularly of sections stained with Delafield’s Hematoxylin, 
enabled the writers to definitely locate sub-hypodermal archesporium. 
Two to three cells just below the epidermis in each lobe in a trans- 
verse section of the anther were found to increase in size, stain 
deeper than the rest and show a higher nucleus to cell ratio (Eig. 15). 
They become still more clear as they divide to form parietal cells 
towards the outside and primary sporogenous cells toward.s the 
inside. The primary sporogenous ceils after their differentiation 
divide very quickly to form a cylindrical, in a transverse section 
rounded, mass of sporogenous cells (Pig. 10-18). This perhaps 
misleads one to think that the primary archesporium is not hypo- 
dermal in origin. The primary parietal cells divide to form five 
layers of wall cells (Pig. 19). The innermost wall layer develops 
into the tapetum, the two layers just outside the tapetal layer 
degenerate early, while the two outermost of these layers persist 
and form the fibrous endothecium (Pig. 20). Usually among 
angiosperms the fibrous endothecium is only one-layered. In 
Boryanthes excelsa according to Newman (1928) the fibrous endo- 
thecium is still more extensive. The same feature has also been 
observed by us in Gloriosa superba^ one of the Liliaceae. 

The tapetum in FoUanthes tuberosa is of the secretion type and 
there is no development of periplasmodium. The tapetal cells are 
at first uni-nucleate. They always stain more deeply than other 
cells of the anther and commonly develop large vacuoles. As the 
pollen-mother cells undergo the two meiotic divisions, the nucleus 
of the tapetal cells divides mitotically (Pigs. 21 and 22) and they 
become bi-nucleate (Pig. 23). The daughter nuclei undergo one 
more division (Pig. 24) and thus the tapetal ceils become quadri- 
nucleate (Pig. 25). After this the nuclei of the tapetal cells begin to 
fuse in pairs and the mature tapetal cells once again become 



Figs. 15-20 . — PolianihcB ki)erosa. Various stages in the development 
of anther. Pig. 19 shows a longitudinal section. The rest represent 
transverse sections. Pigs. 15-18, x 720 ; Pig. 19, x 360 ; Pig. 20, x 80, 
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Figs, 21-2S. —Polianthes tuherosa. Various stages in the deveiopraeiit 
of tapetal cells. : Fig. 21, First division of the nucleus of a tapetal cell 
showing metaphase. Pig. 22. Telophase. Pig. 23. A 2 -nucleate tapetal 
cell. Fig. 24. The two nuclei dividing (metaphase). Fig. 25. A 4-imcieate 
tapetal cell. Figs. 26-28. Various stages in the fusion of the tapetal 





50 


A. G, JOmi AND J. 7. PANTULU 


separate. Similar mitotic division of the parent nnclens and fusion 
of the daughter nuclei in the tapetal cells has been observed by 
Winkler (1906) in Wiclcstroemia indiea, Tahara (1905) in Horns, 
Smith (1933) in Galtonia candicans, Cooper (1933) in Podophyllum 
peliatum, Bhargava (1936) in Ghenopodium album, and Eaghavan 
(1938) in Gynandropsis pentapliylla. Further examples of the same 
phenomenon are cited by Bonnet (1912), and Masci^ and Thomas 
(1930). Among plants being studied in this department (un- 
published observations) this has been seen in Polemonium 
eoeruleum and Phytolacca sp. There is no doubt that it is a wide- 
spread feature of the tapetal cells lir.ing the pollen-sacs of angio- 
sperms. In many plants the nuclei of the tapetal cells are commonly 
seen to become niulti-nucleolate in later stages. Division of the 
original nucleus and fusion of the daughter nuclei is the probable 
explanation of this feature in most cases. 

The Meiotic Divisions in Pollen-Mothee Cells 

Resting stage and nucleolus — The pollen-mother cells at the 
beginning of meiotic divisions are closely packed and of polygonal 
outline in section. They are densely filled with granular cytoplasm. 
The resting nucleus of each pollen-mother cell is almost spherical. 
It shows generally two nucleoli, but occasionally there is only one 
nucleolus (Figs. 29 and 30). When there is only one nucleolus, it 
is bigger than either of the nucleoli of a 2-nucleolate nucleus. 
When there are two nucleoli in a nucleus, one is generally smaller 
than the other. The same condition has been recorded by Fikry 
(1930) in Rumex scutatus, Bhatia (1938) observes that in wheat 
of the four nucleoli in a tetraploid race two are bigger and two 
smaller. Whereas of the six nucleoli in the hexaploid race four are 
bigger and two smaller. No clear zone around the nucleoli, as 
observed by Latter (1926) in LatJiyrus odoratus, was observed in 
the present material. The -writers agree with Majiimdar and 
Datta (1935) and Bhatia (1938) that the appearance of such a zone 
is an artefact. Similar opinion is held by Fikry (1930), who says, 
there is a distinct relationship between good fixation and smallness 
of the zone 

Many investigators, e,g., Wager (1904) in Phaseolm, Fikiy 
(1930) in Rumex Koshy (1934) in AlVum, Sheffield (1927) in 

and Bhatia (1938) in wheat, have recorded the presence of 
vacuoles in the nucleoli. Similar vacuolation has been observed 
in the sectioned material in PcUanthes, but not in all stages. The 
nucleoli of the resting nuclei generally do not show vacuolation. 
The vacuoles are very char and large during the leptotene and 
zygotene stages and they decrease in size and tend to disappear 
during the diplotene and diakinesis stages, but in best fixed material 
the vacuoles are not prominent. In smear preparations of pollen- 
mother cells fixed in Havashin and stained with Newtonhs Iodine 
Gentian Violet ho vacuoles were seen in the nucleoli. The reality 
of vacuoles in the nucleoli has been a subject for discussion in recent 
years. Gates and Latter (1927) believe that the vacuolation of the 
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micleolns is a normal featnre and is caused by loss of nucleolar 
material and its utilisation in cliromatin formation during the pro- 
phase. Pikry (1930) disregards this view and regards it as an 
artefact, and the same view has been expressed by McClintock (1934). 
Zirkle (1928) found that in Zea Mays 2 per cent, acetic acid fixes 
the nucleoli as large vacuolate bodies, while a mixture of 4 per cent, 
formalin and 2 per cent, acetic acid fixes the nucleoli as densely 
staining bodies. The same author (Zirkle, 1931), however, observed 
that in the living cambial cells of Pirns the nucleoli contain small 
droplets of a less refractive substance and consequently appear 
vacuolate. Dermen (1933) observed vacuolation of the nucleoli 
both in living as well as in fixed material and considers it to be a 
normal phenomenon. Bhatia (1938) agreeing with Dermen' s views 
says that vacuolation is a normal feature of the nucleoli in plants 
and their absence in some of the nucleoli of the resting stages in 
wheat only suggests that the flow of nucleolar material from the 
nucleoli has not yet started. From the present study of PoliantJies 
tuberosa it appears that the vacuolation of the nucleolus is partly 
an artefact and partly a result of some internal changes in the 
constitution of the nucleolus. That it is an artefact is shown by the 
absence of vacuoles in smear preparations. That changes in the 
constitution of the nucleolus also take place is shown by the fact that 
in microtomed material vacuoles are absent from the resting nuclei, 
they are large and very prominent during the early prophase stages 
and decrease in size and tend to disappear during the diplotene and 
diakinesis stages. These changes may be purely chemical in nature 
and at present we know nothing about them. They may be asso- 
ciated with the passing out of some nucleolar matter, as believed by 
Gates and Latter (1927), which is necessary for the, development of 
the chromosomes. On the other hand, it is quite possible that 
the vacuolation is the result of purely physical changes. In Poll- 
anthes on the onset of prophase the nucleoli undergo considerable 
increase in size. This will tend to reduce their density and make 
them liable to develop vacuoles under the action of certain fixa- 
tives. Later the nucleoli may be able to stabilise themselves with 
the changed conditions. As the prophase stage advances, they may 
be able to assimilate some further material. Their density may also 
increase due to decrease in volume, such as has been noticed in lice 
by Parthasarathy (1938) from the leptotene to the diakinesis. The 
vacuoles thus gradually disappear. An analogical comparison in 
this respect may be made with the development of the pollen grains 
after their liberation from the mother cells. They undergo a sudden 
increase in size and become highly vacuolate. Later, however, the 
vacuoles are gradually filled up. 

Latter (1926) in Zathyms, Sheffield (1927) in OeMotJiera nnd 
Bhatia (1938) in wheat have observed some crystalline bodies in the 
nucleoli. In the present material no such bodies were observed. 

Leptotene.— 'With, the onset of prophase the nuclei of pollen- 
mother cells increase in size and the nearly invisible chromosomes 
become clearly visible as the delicate leptotene threads. These 
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threads are dispersed -without any regularity or orientation through- 
out the nucleus. They can be followed to a consideiable lengthy 
but their relationships cannot be exactly made out. At this 
stage only one nucleolus is seen in the nuclei of most of the pollen- 
mother cells (Fig. 31). This is due to the fusion of the two nucleoli 
seen at the resting stage. Eaghavan (1938) in Gynandropsis penta- 
has also observed that the two nucleoli of the resting 
stage fuse on the onset of the I meiotic division. Similar fusion of 
nucleoli has also been observed by Bhatia (1938) in wheat and 
Parthasarathy (1938) in rice. In a few cases, however, two nucleoli 
have been observed at this stage and they show the usual size 
difference. 

The question, why these separate nucleoli fuse at this stage, 
has been discussed by Parthasarathy (1938) for rice. He states 
that there can be only two possible reasons. First, the nucleoli 
come together due to attraction between the pairs of nucleolar 
chromosomes which are ancestrally homologous. He admits that it 
is not known whether such a secondary attraction exists at this 
stage, but supports this view by stating that in early leptotene in 
rice the nucleoli are always near each other, from which it may be 
inferred that the nucleolar chromosomes are also always close to- 
gether. Further the occurrence of somatic pairing in rice indicates 
the proximity of at least , some of the homologous chromosomes in 
prophase. His second suggested explanation, though he himself 
rejects it, is that the fusion between two nucleoli could take place 
by slight increase in the size of the nucleoli during the meiotic pro- 
phase, bringing them in contact. Both of these explanations do 
not appear to be applicable to the conditions found in PoUantlm 
tuherosa. In this species, whenever there are two nucleoli in a 
nucleus in the resting or early leptotene stages, these are generally 
found to be situated quite far apart (Fig. 30). There is thus no 
evidence that pairs of nucleolar chromosomes show any secondary 
attraction for each other at this stage. Further during the diplo- 
tene and diakinesis stages, as will be described later, when such 
secondary attraction should really develop, the single nucleolus 
very often breaks into two once again and the two pairs of nucleolar 
chromosomes are also seen to fall apart along with this. To suppose 
that the separate nucleoli meet and fuse during the leptotene stage 
simply as the result of increase in size, which they do undergo at 
this stage, is also refuted by the great distance between them. The 
only possible explanation, therefore, is that the nucleoli themselves 
attract each other and tend to come together, so that even when they 
aie far apart they move to one point and coalesce. In many 
nuclei this process of nucleolar fusion is completed from the telo- 
phase to the resting stage. In other nuclei, where the nucleoli 
may remain separate during the resting stage, they come together 
and fuse during the early prophase. 

At leptotene four chromosome threads are seen attached to the 
nucleolus (Figs. 31 and 32), and this attachment continues during 
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tlie later propliase stages till the disappearance of the nucleolus 
at metaphase. Similar attachnaent of the chromosomes with the 
nucleolus has been by now observed in many other plants and 
animals (Gates, 1937). 

Diplotene — ^During zygotene the threads conjugate in a para- 
synaptic manner (Fig. 33). There is nothing remarkable to mention 
about the pachytene stage in PoUanthes. During diplotene the 
parallel association of the conjugating chromosomes is disturbed 
by the appearance of chiasmata. In the large chromo- 
some pairs generally 4 or 5 chiasmata are observed. ^ The larger of 
the small chromosome pairs generally show two terminal chiasmata, 
which give the bivalents ring-like appearance. The small chromo- 
some pairs have only one chiasma. It is thus clear that the number 
of chiasmata per bivalent depends upon the length of the chromo- 
somes. In the large chromosomes the double nature of the homo- 
logues becomes visible at this stage. 

Most of the large chromosomes (4 paiis) at this stage segregate 
towards one side and form a close group, while the small chromosomes 
remain distributed throughout the nucleus (Mgs. 34 and 35). The 
nucleus thus begins to show a kind of polarity. In many nuclei 
two nucleoli again appear at this stage, one of which is larger than 
the other (Mg. 36). On prolonged destaining the smaller nucleolus 
disappears before the larger one. In rare cases three nucleoli are 
observed, out of which two are small and one large (Mg. 37). When 
there is only one nucleolus, four chromosomes are found attached 
to it. When there are two nucleoli, each is attached separately 
to a pair of chromosomes. The larger of the two nucleoli is found 
attached to the large chromosome pair which remains a little 
apart from the other large chromosomes, while the smaller nucleolus 
is attached to a pair of large chromosomes (Mg. 36), which forms a 
close group with the three other pairs of large chromosomes. TL|s 
nucleolus is commonly found enclosed in the clump formed by these 
chromosomes, and thus is frequently difficult to make out. The 
larger nucleolus at this stage frequently shows a small protuberance 
on one side. This area destains more easily than the rest of the 
nucleolus and the chromosomes are attached to the nucleolus on 
this protuberance. The pair of chromosomes attached to the 
large nucleolus at this stage and during the following diakinesis 
stage (Mg. 38) is seen to be satellited, but no satellites could be 
observed on the chromosomes attached to the small nucledlus. 
This may be due to the satellites in this case being separated from 
the body of the chromosomes by very short filaments. Bhatia 
(1938) has also observed that in wheat ordinarily the number of 
nucleoli in a nucleus from the zygotene onwards is only one, but 
occasionally two nucleoli are seen. He interprets the presence of two 
nucleoli at this stage as the result of failure to fuse at the early stages. 
This may be the case in some nuclei in the present material also, 
for occasionally two nucleoli have been observed at the leptotene 
and zygotene stages. The number of nuclei showing two nucleoli 
at the diplotene stage, however, is much larger. It is, therefore, 
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clear that the higher number in many cases is due to the breaking 
of the former single nucleolus. This may happen because at this 
stage the two chromosome pairs attached to it undergo great 
contraction and may pull in different directions. The development 
of the third nucleolus is most probably due to a split in the small 
nucleolusj which may be caused by the moving apart of the ends of 
the two chromosomes attached to it. 

Biahinesis— At diakinesis also the large chromosomes except 
the one in association with the large nucleolus continue to lie on one 
side as in the diplotene, but not in such a close group. All the 
bivalents are arranged around the periphery of the nucleus. 
At this stage the complete haploid chromosome number can be 
clearly counted (Fig. 38). The nuclear membrane now is very 
delicate. The nucleolns continues to stain as deeply as in the 
previous stages. FTeither there is any reduction in its size. This is 
contrary to what has been noted by Yerbrugge (1934) in Oenothera, 
Fikry (1930) in Bumex scuiatus, Nandi (1937) in rice and Bhatia 
(1938) in wheat. On the other hand the present observations 
agree with those of Bermen (1933) on GalUsia and Finns, 

I Metaphase — At the end of diakinesis (Fig. 39) the nucleolus 
and the nuclear membrane suddenly disappear. The chromosomes 
spread out in the cell, reach the maximum lengthwise contraction 
and assume the equatorial position. The polar view now clearly 
shows the haploid complement of 30 chromosomes as observed by 
Whitaker (1934), and these show distinct size differences. The 
whole complement can be easily divided into two groups, large and 
small ; 5 chromosomes belong to the first group and 25 to the second. 
Out of the 25 small chromosomes about 10 are larger than the other 
15. Figs. 41-47 illustrate some representative metaphase plates. 
These show that out of the five large bivalents, foui' are always 
found on one side, while the small bivalents are mostly aggregated 
on the other side. The fifth large bivalent may he situated close 
to the other large bivalents (Figs. 41, 46 and 47) or may be found on 
the side away from them (Figs. 43 and 44). Both the arrangements 
are nearly equally common. Such an arrangement of bivalents 
therefore is very similar to what is seen during the diplotene and 
diakinesis stages. It is usual to explain the arrangement of the 
bivalents at metaphase according to the laws governing the configu- 
rations formed by floating magnets, first formulated by Mayer 
(1879) and further worked out by Cannon (1923) and Kuwada 
(1929). It should be interesting to test experimentally how far the 
arrangements seen in PoUanthes tuberosa, where the chromosomes 
are of unequal size, can be explained in accordance with these laws. 
In heavily destained preparations on the average 3 chiasmata were 
counted per large bivalent. Thus as usual there is considerable 
decrease in chiasma frequency from the diplotene to the metaphase 
stage. 

Even from the beginning of prometaphase (Figs. 39 and 40) 
some bivalents are fonnd to form groups of two or more. This 
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secondary pairing of the chromosomes is seen in many metaphase 
plates, though not in every one (Figs. 40-47). This quite agrees 
with the views of Catcheside (1937), who concludes from statistical 
analysis that secondary pairing is dependent upon the relative 
positions of Mvalents at diakinesis, and the bivalents which happen 
to lie adjacent at diakinesis and which are capable of secondary 
pairing are so paired at metaphase. So there is as much chance of 
maximum association as there is for no association or random dis- 
tribution. Further the secondary pairing is observed only in rela- 
tion to small chromosomes, as reported by Darlington (1928). The 
exact amount of maximum secondary pairing was found diJBficult 
to determine. Many counts made did not lead to any conclusive 
result. This may be due to the large number of chromosomes and 
their close distribution in a small space. Many may be coming 
together merely on account of the similarity of their size. The chief 
reason, however, most probably is the presence of large chromosomes 
among the small ones. ■ By coming in between the smaller chromo- 
somes they obstruct secondary pairing of some of the smaller 
chromosomes also and thus cause irregularities in the expression 
of secondary pairing. Besides groups of two, groups of three 
bivalents are also common, and occasionally groups of four bivalents 
are also observed. Often the bivalents are found arranged in 
radial rows, a feature which is seen in high polyploids. In addition 
to secoridary pairing between small bivalents, one small bivalent 
is commonly found in association with a large one. 

I Anaphase to II Telophase — The I anaphase proceeds in the 
normal manner. Side views (Figs. 48 and 49) show that the homo- 
logous chromosomes are equally distributed on both sides of the 
equatorial plane. The small chromosomes reach the poles before the 
larger ones, but no lagging of any bivalents is observed. The 
secondary association seen at metaphase is maintained to some 
extent during anaphase also.. 

After the chromosomes have reached the poles, each group 
organizes into a telophase nucleus (Figs. 50 and 51). The nucleoli 
make their appearance. Generally two nucleoli are formed (Fig. 50), 
out of which one is somewhat larger than the other. Later these 
fuse to form one nucleolus (Fig. 51). After the I meiotic divison, 
a cell wall is laid down, which divides the pollen-mother cells into 
two cells. 

The II meiotic division also proceeds in the normal manner. 
At metaphase II secondary association is again observed (Figs. 52- 
54). During the II telophase the distribution of the chromosomes 
resembles that found during interkinesis. 

Cytokinesis and Matuee Pollen 

The formation of pollen grains in Polianthes tuhefosa corres- 
ponds to the /Si(ccmit7e-type, In this respect this genus differs from 
DoryaniheSj in which the pollen grains are formed according to the^ 
SimultaneomAjpe^ as in most dieotyledons/ The arrangement of 
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tlie pollen grains in tlie tetrads in Fcliantlies is considerablj variable. 
The tetrads may be bilateral, linear or T-sbaped. TMs depends 
largely on the form of tbe pollen-mother cells. If the pollen-mother 
cells are nearly spherical, dining the second meiotic division the two 
spindles are parallel and the resulting tetrad is bilateral (Figs. 56 
and 57). If the pollen-mother cells are comparatively much elong- 
ated, the spindles during the II meiotic division are in the same line 
and the resulting tetrad is linear (Figs, 58 and 59). If the poUen- 
mother cells are of an intermediate shape and rather broad at one 
end and narrow at the other, the two spindles during the II meiotic 
division are at right angles to one another and the resulting tetrad 
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Flgb. 4 S-5o. --Poll aniJies tuherosa. Further stages of meiosis in 
poll en -mother cells aft ei’ the I metaphase. Figs. 48 and 49. I anaphase. 
Figs. 60 and 51. Interkmesis. Figs. 52-54. 11 metapbnse. Fig. 55, A 

root’ tip cell in the propha>se stage showing four chromosomes attached to 

the nucleolus. X lj500. 
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P^gs. 56-63 . — PoUantJies tuherosa. Formation of pollen tetrads, 
lugs. 56 and 57 show the formation of a bilateral tetrad, Figs. 
58 and 59 of a linear tetrad, and Figs. 60 and 61 of a T-shaped tetrad. 
Pig. 62. l-nncleate pollen grain. Fig. 63. 2-celled mature pollen 
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is T-sliaped (Eigs. 60 and 61). Similar variation in the form of the 
pollen tetrads has been observed in a number of other plants. 
Schaffner (1897) and Wodehonse (1935) found in the tetrads 

not only indiscriminately tetrahedral and bilateral, bat also fre- 
quently linear. The same condition has been observed by Frye 
(1901) and Gager (1902) in Asclefias, Narasimhamurthy " (1935) 
in Ottelia, Johri (1936) in Butomopsis and Sax and Hnsted (1936) 
in Periploea, 

The pollen grains develop the usual exine and intine, leaving 
one germinal furrow (Figs. 62 and 63). A large vacuole is seen in 
the 1-nucleate pollen grains, as is common among flowering plants, 
so that the nucleus is pushed towards one side (Fig. 62). This side 
is opposite to the germinal furrow. Here the nucleus divides 
forming a large tube nucleus and a small generative nucleus, which 
is later organised into a generative cell. After this division the 
vacuole is gradually filled up and the pollen grains are shed in this 
2-celled condition (Fig. 63). This agrees with the observations of 
Newman (1929) and Wunderlich (1936) on Doryanthes Agave. 
The pollen grains do not show any degenerations and are quite 
normal. 

Discussion 

Origin of the Inferior Ovary — There are two main views about 
the origin of the inferior ovary or perigynous and epigynous condi- 
tions in the flowering plants. According to the first view the calyx- 
tube is of receptacular origin and is the result of cup-like growth of 
the receptacle around the gynsecium or the invagination of the 
apex of the floral axis. This view is largely based on ontogenetic 
studies and is more commonly given in the text-books. According 
to the second view the calyx-tube is entirely of appendicular origin 
and is the result of fusion of the bases of sepals, petals and stamens 
and the inferior ovary represents adnation in its extreme form. 
This view is largely based on anatomical evidence and is supported 
among others by Eames (1931), Fames and McDaniels (1925), 
Jackson (1933, 1934), McDaniels (1937), Moore (1936) and Eausik 
(1940). Saunders (1925) also on the basis of the leaf -skin theory of 
the nature of the shoot refutes the receptacular theory and supports 
the appendicular origin of the inferior ovary. 

Newman (1928) from his study of the floral ontogeny of 
Doryanthes excelsa says that the evidence does not fit with the 
receptacular origin of the inferior ovary. Even from onto- 
genetic evidence he supports the appendicular theory. In PoUantlm 
tuberosa the development of the flower is, as said before, quite similar 
to that of Doryanthes. In addition to this the evidence from 
anatomy is even more decisively in favour of the appendicular 
theory. We find even in the wall of the inferior ovary the traces 
of all the six perianth leaves, six stamens and three carpels quite 
separate from one another. There is thus no doubt here that the 
inferior ovary has resulted in this case from the fusion of the bases of 
the perianth-leaves, stamens and carpels. 
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I’om ontogenetic study we find that during development of 
wer the process of adnation first affects perianth leaves and 
IS, and then the carpels. The ultimately epigyiioiis flower, 
)re, passes through a perigynous state. This shows that 
y has developed from perigyny. 

metical Constitution of Poli^'nthes tuberosa — -In recent years 
nportant criteria have been established for determirirg the 
3 al constitution of a species and elucidating its past history. 
:st one is the number of nucleoli formed during telophase and 
tmber of chromosomes concerned in their organization (Gates, 
nd 1939). It appears that in the nucleus of a diploid plant or 
I species there is one pair of chromosomes usually with sate- 
)r secondary constrictions which is especially concerned in the 
ition of the nucleolus. During the prophase of mitosis or 
e divisions this pair is attached to the nucleolus. At telo- 
each of these chromosomes produces a nucleolus. In a 
osome with a secondary constriction the nucleolus arises at 
mstriction. In a satellited chromosome the exact point of 
rigin of the nucleolus appears to be just where the delicate 
. which carries the satellite is attached to the main body of the 
osome. This locus has been called the nucleolar organizing 
The number of nucleoli formed during telophase, therefore, 
orally the same as the number of these nucleolar chromosomes, 
iploid organism two nucleoli will be formed during the mitotic 
ase and one during the meiotic telophase. In polyploid 
3 the number of these nucleolar chromosomes and telophase 
n is correspondingly increased. Thus a triploid will have 
a tetraploid four and hexaploid six chromosomes associated 
he nucleolar organization and the same number of nucleoli 
j formed during the mitotic telophase, though later this num- 
ry commonly decreases due to fusion. 

he second criterion is the phenomenon of secondary pairing. 
3 first observed by Kuwada (1910) in Oryza sativa and by 
wa (1911) in Dahlia variabilis, but its relation to the homology 
associated bivalents and its independence of meiotic pairing 
icn recognized only recently through the work of Darlington 
, Darlington and Moffett (1930) and Lawrence (1931). 
ling to Darlington (1937), secondary pairing appears at the 
otic metaphase, may continue during the I anaphase and 
-nrs during the II metaphase. It takes place between 
nts or chromosomes of similar size and shape, and consists in 
pproximation but not in contact. It indicates distant homo- 
etween the pairing bivalents and is connected with allopoly- 
. Although doubt has been cast recently on any hasty 
ption of secondary pairing by Catcheside (1937), Heilborn 
and Propach (1937), much importance has been attached to 
b.aracter in their cytogenetical work by Muntzing (1933) on 
m tuberosum, Moffett (1934) on Gratcegus^ Mespilus, Gotone- 
etc., Catcheside (1934) on Brassica, Wanscher (1934) on 
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Empetrmn^ Matsnura (1935) on Bicentra^ Alam (1936) on Indian' 
oleiferoiis Cruciferse, Sakai (1935), Nandi (1936), Partliasaratliy 
(1938) and Eanianiijam (1938) on Orym, Eaghavan (1938) on 
Capparidacese, etc. The theory of secondary pairing if judiciously 
employed may he regarded well established as a helpful instriiinent 
in the determination of the basic number of chromosomes of the 
species and tracing their past history. 

In FoliantJies Uiherosa^ there are two pairs of chromosomes 
attached to the nucleolus or nucleoli during the prophase of the 
first meiotic diyisioii. Two nucleoli are formed at the first meiotic 
telophase. During the prophase of mitosis in root-tip cells four 
chromosomes have been found attached to the nucleolus (Big. 55). 
This shows that FoUanthes tuberosa is really a tetraploid form. 
Further the secondary pairing of bivalents at the I meiotic meta- 
phase reveals not only groups of two, but also commonly groups cf 
three or occasionally even groups of four. The species therefore is 
not a simple polyploid but a secondary one. The two nucleoli 
formed during telophase are of unequal size. Also in the resting 
nuclei or during the prophase, when there are two nudecli, these 
differ in their size. The two pairs of ehromcsomes associated with 
the formation of the nucleoli are also not exactly similar. They 
remain mostly away from each other. One of them shows satellites 
clearly even during the meiotic prophase, but the other was not 
found to show any satellites even after careful search in the same 
pieparations. Hedayetullah (1933) has found that the Indian 
variety of rice Kochivittu mth two large nucleoli of equal size, 
when crossed with Nabatat ’’ an Egyptian variety with one large 
nucleolus, gives hybrids with two unequal nucleoli in the pollen- 
mother cells. One may guess that the nuclear structure of Foli- 
antJies tuberosa also originated by crossing in the same manner 
between two different ancestors with unequal nucleoli. Later the 
stable condition of chromosomes may have been established by 
doubling of the chromosome complement of the hybrid through 
amphidiploidy. Duplication of some of the chromosomes through 
non-disjunction or some other cause either in the ancestral types or 
in the hybrid derived from them also appears to have played some 
part in the evolution of the present number. 

The conclusion, therefore, is that FoUanthes tuheirosa is probably 
a secondarily balanced allotetrapioid, whose chromosome complement 
has been derived fiom hybridisation between two ancestral parents, 
followed by amphidiploidy and duplication of some of the chromo- 
somes. It is not possible to fix the exact basic number. As has 
been mentioned earlier, the phenomenon of secondary pairing is 
not able to manifest itself fully in this species on account of the 
presence of some large chromosomes in the complement, and it does 
not yield either consistent or constant results with regard to maxi- 
mum association. As the chromosome complement of Agave 
species is exactly similar to of FoUanthes iuherosa^ the view’ of 
Doughty (1936) that 30 is the basic number for that genus appears 
to be incorrect. The view of Yignoli (1937) that 15 is the basic 
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number is more correct, but even tMs number appears to liave been 
derived from a lower basic number. Whitaker (1934) has shown 
from the comparison of the chromosomes of the Agavoidese with 
that of other monocotyledons that this characteristic complement 
of 5 long and 25 small chromosomes may have been derived from some 
members of the Helobiales, which is regarded by many botanists 
as the most primitive order of monocotyledons. Several members 
of the families Butomacese, Hydrocharitacese, ]!srajadacea3 and 
Triuridacese show complements with some chromosomes much 
larger than the rest. We may await detailed cytological study of 
these families and other monocotyledons allied to the Agavoide^e 
before trying to determine the exact basic number for the genera of 
this tribe. 

The cause of sterility — Sterility among plants is due to many 
causes. The present investigation has yielded only negative evidence 
with regard to the cause of marked sterility in Polianthes tuberosa. 
It has shown that the sterility in this species is not due to any 
defects or deformities in the formation of the pollen grains or develop- 
ment of the embryo-sac. It will require further experimental work 
to find out the exact cause. 

The form of the tetrad — A very important difference between 
the processes of microsporogenesis and megasporogenesis among 
seed plants lies in the form of the tetrad. The tetrads of pollen, 
grains are usually tetrahedral or bilateral, while the tetrad of mega- 
spores is generally linear, though many variations from this rule 
are known to exist. In many flowering plants the tetrad of mega- 
spores is often T-shaped, a form intermediate between the linear 
and the bilateral. The process of microsporogenesis in Polianthes 
is interesting in showing grea<t variation in the form of the pollen 
tetrads. These are almost as commonly linear or T-shaped as 
bilateral. Further this variation depends entirely on the form of 
the mother cells. Elongated mother cells give rise to a linear tetrad, 
the nearly spherical to a bilateral tetrad, and those of an intermediate 
form to T-shaped tetrad. Among the Archigoniata?- the tetrad of 
spores is either bilateral or tetrahedral. The linear tetrad of mega- 
spores of seed plants, therefore, must have originated at some tirru^ 
from a tetrahedral or bilateral type. The variation in the form of 
the pollen tetrads in Polianthes indicates that this may have been 
accomplished merely by a change in the form of the mother cell. 
How that happened is a more difficult question, but it may be guess- 
ed that this took place simultaneously with the integumentation of 
the sporangium (nucellus). It may have resulted meixdy from 
mechanical causes, for instance, due to a large number of mother 
cells developing simultaneously. The forni has now become 
constant due to its better adaptation to the nutritional needs of 
the embryo-sac, as it tends to directly connect the gro%ying embryo- 
sac with the vascular supply of the ovule ending in the chalaza-. 

Origin of the tajgeium—ln the early literature on the embrvo- 
logy of the angiosperms several examples are found in which the 
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tapetum is believed to originate from the sporogenoiis tissue, 
Eecent work bas shown in many cases this belief to be based on 
erroneous observation. Thus Gonlter (1898) says tliat in Banunmlus 
in some oases the tapetum seems to be cut off from tlie periplierv of 
the sporogenoiis tissue and in others it is derived from the paiietal 
cells. Similar sporogenous origin for the tapetum is claimed by 
Swingle (1908) in Myosarus minimus. The recent study of Rmnm-. 
cuius sceleratus by Singh (1936), however, shows clearly that the 
conclusions of these authors are incorrect, and the tapetum in the 
Eanunculacese is of parietal origin. Eosenberg (1901), Holmgren 
(1913), etc., claim a sporogenous origin for the tapetum in many 
Helobiales, but Johri (1935 and 1936) and Sane (1939) have shown 
that this is not so at least in the Alismacese, Butomacea> and Apono- 
getonacese. 

As Hewman (1928) had claimed that there is no clearly marked 
hypodermal primary archesporium in the anthers of JDoryantlm 
eoocelsa 2i;n.dL the tapetum is of sporogenous origin, and his work is 
illustrated by a large number of figures giving a very close series of 
developmental stages, special attention was paid during the present 
investigation to study this aspect of the floral development in 
PoUanthes tuberosa. The investigation has definitely shown the 
hypodermal origin of the primary archesporium and parietal origin 
of the tapetum, a feature which seems to be common to the vast 
majority of angiosperms. The observations of hTewman thus appear 
to be doubtful and require re-investigation. It is also clear that in 
future any claims for a sporogenous origin of the tapetum in flowering 
plants should be accepted with great caution. 

Some taxonomic problems — The bearing of the cytological data 
on the classification and relationships of the Agavoidese has been 
previously discussed by Heitz (1926), McKelvey and Sax (1933), 
Whitaker (1934) and Anderson (1937). The present investigation 
as far as it goes lends further support to the conclusions of these 
authors. The tribe Agavoidese of the family Amaryllidacese as 
defined in the Pflanzenfamilien (Pax and Hoflman, 1930) includes 
7 genera. Chromosome counts have been made in all these except 
ProcTinyantJies and Pseudobravoa, The study of Agave, Pufcrma, 
BescJiorneria and PoUanthes has revealed great uniformity. Thc 
haploid complement in every case has been found to consist of 5 
large and 25 small chromosomes, or in some species of Agave of a 
multiple of this number with nearly the same proportion between 
large and small chromosomes. This complement, therefore, is a 
characteristic feature of these genera. In the genus Boryanthes, 
however, there are only 18 haploid chromosomes and these do not 
show any such size differences as shown by the other four genera. 
Hutchinson (1934) in his recent book has split those 7 genera on the 
basis of floral symmetry and the form of the inflorescence into two 
tribes, Agavesc • (including Agave, Pummay Bescliornerm^^ m^ 
Boryanthes) and Poliantheas (including PoUanthes, Pfochnyanihes 
and Pseudobravoa), According to cytological evidence, if any 
genus needs separation from the other genera-, it is Boryanthes and 
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not PoUanthes or tlie related genera FrocJinyantlies or Pseudobravoa^ 
whose cj^tology is nnknown. This Tiew? as already pointed out by 
Whitaker (1934), is also supported ^ evidence from geographical 
distribution. Doryantlies has 3 species confined to Australia. All 
the other genera are natives of tropical and subtropical America, 
Mexico being the chief centre of their distribution. Further 
according to E"ewman (1928), the pollen grains in Doryanthes are 
formed according to the BimultaneousAj-pe. In the other genera 
studied so far they are formed according to the BuecessweAj'^e. 
(Sohnarf, 1931). The recent work of Schnarf and Wunderlich (1939) 
on the Liliaceae has shown that the method of pollen formation is 
distinctive for tribes. Externally these differences between 
Boryanthes and other genera are paralleled in the attachment of 
the anthers to the filament. In Agave, Furcrcea, Beschorneria, 
PoUanthes, Frochnyanthes and Fseudohravoa, the anthers are 
dorsi-fixed. In Boryanthes alone among the 7 genera of the Agavpi- 
dege, the anthers are basi-fixed. Therefore, if the group has to be 
divided into two tribes, it should be as follows : — 

I. Agaveoe. Anthers dorsi-fixed. — Agave, Furcrcea, Beschor- 

neria, PoUanthes, Frochnyanthes and Fseudohravoa, 

Distribution : Tropical and sub-tropical America. 

II. Boryanthece. Anthers basi-fixed. — Only genus Boryanthes. 

Distribution : Australia. 

Next we may consider the relationships of Agave and allied 
genera with other Liliiflorffi. The investigations of Morinaga et al. 
(1929), Lewitsky (1931), O’Mara (1932), McKelvey and Sax (1933), 
Whitaker (1934), Sato (1934) and Watkins (1936) have brought out 
that the chromosomal constitution of the members of the tribe 
Yuccese is very similar to that of Agavese. In every investigated 
species of Hesperaloe, Yucca and Samuela also 5 large and 25 small 
haploid chromosomes have been counted. If we compare the 
figures of the metaphase plates of PoUanthes given in this paper with 
similar figures of Yucca species published by Watkins (1936) and 
other authors, no difference can be made out between the two. 
Hence, as Anderson (1937) says, it is impossible to believe that such 
a distinctive chromosome complement could have arisen indepen- 
dently in both the Liliaceaa and Amaryllidacese. Further the 
Yucceae have the same distribution as the^Agaveae. Any natural 
system of classification, therefore, must bring the tribes Agavese 
and Yuccese within the same family. Cytology, therefore, strongly 
supports Hutchinson’s (1934) system, which brings them into a 
common family Agavacese, distinct both from the Liliaceae and 
Amaryllidaceae ; but how far the inclusion of Brac^enese, Phcrmie®, 
Nolinese and Doryantheae within the same family is justified mav 
be left to future research. The small amount of cytological work 
that has been done on these tribes gives little guidance for a MI 
discussion of the subject. McKelvey and Sax (1933) have reported 
12 n chromosomes ill ar^orea, Whitaker (1934) 19 /1 in. 

B. fragrans, McKelvey and Sax (1933) ca. 19 ^ in Nolina speetabilis^ 
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WMtaker (1934) 18 n in N, re&urvata and ca. 19 n in BasyMrion hngis- 
simum. In all cases the chromosomes do not show any marked size 
differences. As stated before, the chromosomes of Boryanthes also 
show nearly the same number and morphology. It thus seems 
possible that future work may support the classification of the 
Agavaceae into two sub-families,— (I) Agavoidece, includiDg Yiiccem 
and Agave®, and (II) Bracmnoidece, including Drac®ne®, 
Phormie®, E'oiine® and Doryanthea^. These sub-families may 
have originated from the LAIace® along quite independent lines. 

SUMMABY 

The paper deals with floral organogeny and anatomy, structure 
and development of the ovules and embryo-sac, development of 
the anther, nieiosis and pollen formation in PoUanthes iuherosa. In 
the end the bearing of these observations on the origin of the inferior 
ovary, genetical constitution of the species, cause of sterility, origin 
of the linear tetrad and classification of the Liliifior® is discussed. 

It is found that the traces of the various floral parts separate 
out from the stele of the floral axis below the ovary. In the wall 
of the ovary the bundles of the outer and inner whorls of perianth 
leaves, stamens and carpels are quite distinct from one another. 
This shows that the inferior ovary has originated as the result of 
adhesion between the various floral whorls. 

The ovules are anatropous, bitegmic and are borne along the 
margins of each carpel. There is a single primary archesporial cell, 
which cuts off a wall cell. The megaspore-mother cell gives rise to a 
linear or T-shaped tetrad of megaspores. The development of the 
embryo-sac is normal. Yery rarely antipodals may be 2-nucleate. The 
endosperm probably develops according to the HelobialesAj’pe. 

The primary archesporium in each anther-lobe is hypodermal 
and consists of 2-3 rows of cells. The tapetum takes its origin 
from the innermost parietal layer. The nucleus of each tapetal cell 
divides twice to form 4 nuclei. The grand-daughter nuclei fuse in 
pairs, so that the mature tapetal cells generally show two tetraploid 
nuclei. The two parietal layers just beloyr the epidermis develop 
fibrous thickenings. The endothecium is thus mostly 2-layered. 

The haploid complement consists of 5 long and 25 small chromo- 
somes. In the diploid set two pairs of chromosomes are associated 
with the organization of the nucleolus. The vacuolation of the 
nucleoli, their number and the forces causing their fusion during the 
prophase of meiosis are discussed. The small bivalents during 
I and II metaphase show secondary pairing. Groups of 2, 3 or rarely 
4 bivalents are observed. 

The pollen grains are formed according to the SticcessiveAj'pe, 
The tetrads may be linear, T-shaped or bilateral. The form of the 
tetrads depends upon the form of the mother cells. The mature 
pollen grains are 2-nucleate and 1-furrowed. 
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From the number of tbe nucleolar chromosomes, number of 
nucleoli and the secondary pairing of chromosomes, it is inferred 
thd^t Polianthes tuberosa is' probably a secondarily balanced allo- 
tetraploid. 

Cytological observations support Hutchinson^s classification 
of monocotyledons for bringing the Yucceae and Agavoidese under 
one family Agavacese. His classification of the old tribe Agavoidese 
into Agavese and Polianthe®, however, appears co be unnatural. It 
would be better to divide Agavoidae into two groups, one including 
only the Australian genus Doryanthes and the other comprising 
the remaining 6 genera (Agave, Furcma, Beschorneria, PoUanthes, 
PfoclmyantJies and Pseudohravoa), which are all American. 
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The immbeT of papers dealing mtb systematic accounts of Besmids 
from varions parts of India is ratlier few. Wallich’s (1860) paper 
on the Desmidiacere from lower Bengal was the first systematic 
account of Besmids from India. In this paper he described nearly 
140 species collected in the neighbourhood of Raneegunge — a place 
about 120 miles North-West of Calcutta. Hobson in 1863 published 
an' account of two Besmids from Mahabuleshwar in the Bombay 
Presidency. Grunow in 1865 recorded 14 Besmids from the Island 
of Banka near Bingapore. In 1873 Zeller recorded a few Besmids 
from Burma. Lagerheim (1888) recorded about 52 species from 
Bengal. Joshua (1885, 1886) recorded about 188 species and 
varieties from Eangoon. Turner (1893) gave an account of about 
540 forms from North India based mainly on Wallich’s extensive 
collections and notes. Borge (1899) recorded several forms from 
Bengal, Ceylon and Singapore. W. and G. S. West (1897) described 
a few desmids from Singapore. Schmidle in 1900 gave an account 
of 26 Besmids collected by Hansgirg in Bombay and the neigh- 
bourhood. In 1902, W. and G. S. West recorded about 246 species 
from Ceylon and Fritsoh in 1907 recorded some Desmids from the 
same country. In 1907 W. and G. S. West gave a further account 
of 148 species, chiefly from Burma and a few from Bengal. In 
1926 Carter recorded about 100 species from North-Western 
Himalayas, North-Western l^rontier and Satpura Hills in the Central 
Provinces. About 121 species were recorded by P. Brilhl and 
K. Biswas (1926) from the Loktak lake in the Manipur State. 

All these records are from North India, Burma or Ceylon. 
Practically no work appears to have been done so far on the 
BesmidiaceaB of South India. The Besmids which form the subject 
of this paper were collected in 1921, 1923, 1933 and 1936 from 
Kodaikanal, a hill station in South India, with an elevation of 
about 7-8000 feet above the sea-leveL The climate is sub-tropical 
and iieaiiy temperate. Must of the forms described in this paper 
are planktonic and collected from the Kodaikanal lake and a few 
were collected from a swamp in Kodaikanal. The material w’^as 
preserved in 4% formalin. 


* From the University Botany Laboratory, Madras. 
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On tlie whole 35 forms are recorded in this paper, representing 
13 genera. Of these 7 are new varieties and one a new form. 
Of the remaining 27 forms, 8 are new to India, Burma and Ceylon. 

Systematic 

Gmm Gonatozygon Pe Bs^yj 1866 
1. Gonatozygon Kinahani (Arch.) Eahenh. 

(Figs. 1, 2a. 2b) 

Gonatozygon Kinahani Eahenh orst, Mor, Kurop, Air/., Ill, 

1868, p. 166 ; Cooke, Brit. Pesmids, 1887, p. 3, Pi. 1, Fig. 3 ; 

De Toni, 8yll Alg,, I, 1889, p. 802 ; W. and G. S. West, Mon. 

Brit. Pesmidiaeew, I, 1904, p. 35, PL 2, Figs. 1-3. 

Gonatozygon leiodermum Turner, 1893, p. 24, PI. 20, Fig. 6. 

Cells mostly single, sometimes in chains of two or more cells; 
10-19 times longer than broad ; cylindrical ; apices truncate slightly 
dilated. Cell wall perfectly smooth ; pyrenoids 6-10 in each chioro- 
plast. 

Pimensions : 

Length .. .. .. 124-259 -6 /x 

Breadth .. .. .. 10 *9-14 /x 

Planktonic in Kodaikanal Lake. 

The present form agrees with Gonatozygon leiodermum Turner 
(Turner, 1893) in general appearance and dimensions. Turxmr's 
Besmid was collected at ]!srilgins, another hill station in South pidia, 
of the same elevation as Kodaikanal, niz.^ 7-8,000 ft. above- th(!‘ sea- 
level. With regard to Turner’s G. leiodermum, W. and G. B. West 
(1896, p. 65) state that it is very probably an Oedogonimn^K But 
Turner’s figure shows clearly that it is not an Oedogonium as suspected 
by West and West, since the cells are swollen at both the ends as is 
characteristic of Gonatozygon and not at one end only m in Oedo- 
gonium. There appears to be therefore ho sufficient reason for 
considering the alga an Oedogonium and not a Gonatozygon. 

Genus Aelrmm Eageli 1849 

2. Netrium digitus (Ehrbg.) It25igs and Eothe. 

(Figs. 5, 6) 

Fenium digitus Ealfs, Brit. Pesm., 1848, p. 150, PL 25, 

Fig. 3; Eabenhorst, Mor. Europ. Alg., Ill, 1868, p. 118 ; 

Belponte, Pesm. Subalp., 1877, p. 86, PL 15, Figs. 50 and 51 ; 

West and West, PresUv. Alg. Geylon, 1902, p. 134. 
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Fenium digitus forma recUim Turner, Freshw. Ala. M. 

India, 1893, p. 18, PL 1, Fig. 27. 

Netrimn digitus West, W. and G.S., 3Io}%. Brit. Besm.,1, 1904, 

p. 64, PL 6, Figs. 14-16 ; SmitL, Wisconsin pJiytoplanlcton, pt. II, 

1924, p. 6, PL 52, Fig. 5 ; Krieger, Bie Besmidiaeeen der 

Beutscli Limn. Sunda Expedition, 1932, p. 158, PL 3, Fig. 4. 

Cells single, large, 3-4 times longer tlian broad, imconstricted, 
elliptic oblong, gradually attenuated towards tlie apices. Apex 
round, cell wail smooth. Chloroplast with eight longitudinal plates 
deeply notched at the free ends, 

Bimensions : 

Length . . . . . . 155-203 p 

Breadth at the middle . . . . 40-44 fi 

Breadth at the apex .. .. 18-23* 7 /x 

Eab. — Kodaikanal lake. 

Genus Glosterium llllitzsch 1817 

3. Glosterium libellula Focke var. pulneyensis var. noy. 

(Figs. 7, 8a, 8b) 

Cells single, size yariabie, generally large, 4-5 times longer 
than broad, not constricted, gradually attenuated from the 
middle towards the apices. Apex broadly rounded. Cell wail smooth, 
colourless or slightly brownish, with girdles very faintly yisible at the 
isthmus. Each chloroplast slightly notched or constricted and not ^ 
separated, with about 8 long plates. Pyrenoids two or three in 
each semicell. 

Bimensions: 

Length .. .. ** 73-122 *6 /x 

Breadth at the middle . . . . 16 *4-27 /x 

Breadth at the apex . . , . 8 *5-13 *6 /x 

Eab. — ^Kodaikanal Lake. 

This at first sight appears to be a species of Eetrium. But a 
treatment with concentrated EOH solution shows that the cell wall 
is made up of two pieces. A few girdle bands also are seen yery 
faintly after this treatment. So this belongs to the Placodermae. This 
form comes yery near Glosterium libellula yar. interruptum (Krieger, 
1935, p. 256, PL 12, Fig. 6) in general shape and measurements but 
the chloroplasts of the latter are completely divided into two in each 
semicell, while in the present form it is only deeply notched 
in the middle. This kind of a notched chloroplast is not seen 
in any of the varieties. The desmid appears therefore to be a new 
variety of Gl. libellula. 
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( X aoP' ‘>?®' h^°^J‘«^^^y9on Kinahani, chloroplast and nucleus 

( X i^ig. ^a. uonato^ygon Kinaham^ end of the cell ( y 

hig.^ ih. Gonatozygon Kinakani, single cell { x 190). IPig 3 Pleuro- 

tmnmm minutum var. gracile, part of cell showing punrtse { x 410 ) 4 

^oy., girdk banci; at^ihe 
istnmus ( X 410). ing. o. Netrium dtgtitis, single cell (x 190) Pi^ 6 
Netnimi digitus, chloroplast and the nucleus { x 410). Pig. 7. Clost3'mrn 
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4. Glostermm 

(Figs. 16, 17, 18,19) 

Wolle, Desm. U.S., 1884, 'p. 47, PL 8, Fig. 8 ; Cooke, .Bnt 
Desm,, 1887, p. 134, Pi. 5, Fig. 3; De Toiii, 80. Alg., 1889, 
p. 850; Turner, Freshw, Alg. E. India^ 1893, p. 22, PL 1, 
Fig. 12 ; l^ordst., Index Desm.^ 1896, p. 152; W. and G. S. West, 
Mon. Brit. Desm., 1, 1904, p. 186, PI. 25, Figs. 6-11 ; Bernard, 
Frotocoeeaedes et Desm., 190S, P- Figs. 52-54 ; Smitl), 
Wisconsin pJiytoplmiMon, pt. II, 1924, p. 12, PL 53, Fig. 6. 

Cells single, medium size ; median part fusiform ; outer and inner 
margins almost equally convex, attenuated towards eacli extremity 
into long processes; apices sliglitly incurved, round and often 
sligktly swollen ; cell wall colorless or straw coloured, striated, about 
15 stride visible across tlie cell. Pyrenoids 5-10 in each semi-cell. 

Dimensions : 

Lengtli .. .. .. 290-456*7 ft 

Breadth at the middle . . . . 9-14 ft 

Breadth at the apex . , . . 2 • 5-3 * 0 /x 

Eab. — Kodaikanal Lake. 

This form is slightly smaller (narrower) especially in breadth 
than those described by W. and G. S. West and Smith, but agrees 
with Turner’s form in all measurements. This form has 5-10 
pyrenoids whereas in the type the number is 4-5 in each ehloroplast. 

5. Olosterium Dianw BhvenbeTg 
(Figs. 9, 14, 15) 

Glosterinm acuminaimn Eabenh., Flor. Europ. Alg.^ Ill, 
1868, p. 133; Wolle, Desm. F./S., 1884, p. 44; De Toni, Syllj 
Alg., 1889, p. 840. 

Glosterinm Dianm Balfs., Brit. Desm., 1848, p. 168, PL 28, 
Fig. 5 ; Eabenh., Flor. Etirop. Alg., Ill, 1868, p. 133 ; Cooke, 


libellula vac. pulneyensis vac. no v., single cell with chioroplasts ( X 410). 
Fig. 8a. Closterium libellula vac. pulneyensis, girdle bands seen cie^xiy 
after treatment with con. KOH ( X 410). Fig. 85. Closterium libellula 
var. pulneyensis ( X 410). Fig. 9. Closterium Bianem, tip of the cell 
( X 410). Figs. 10 a~c. Pieurotmnium minutum var. graclle. a, single 
ceil ( X 410) ; 5, showing ehloroplast and nucleus ( x 410) ; c, showing 
chloropiasD at the end of the ceil ( x 410). Fig. 11. Closteriu7n didymO'' 
locum YB>v. annulatum var. nov., single ced (x 190). Fig. 12, Closterium 
didymotocum var. annulahmi var. nor., girdle bands in the middle of a 
semi-cell ( x 410). Fig.' 13. Fleurotcenium Trabecula, tip of the cell with 
pores ( X 410 ^ Fig. 14. Closterium Bianco, showing ehloroplast and 
nucleus ( x 410). Fig. 15. Closterium Biance, single ceil with girdle bands 
( X 410). Fig. 16. Closterium KuUingii, single cell { x 190). Fig. 17. 
Closterium Kutzingii, zygote With empty semi -cells { x 190). Fig. IS. 
Closterium Kutzingii, tip of the cell { x 410). Fig. 19. Closterium 
Kutzingii, striations on the cell-wall ( x 410>. Fig. 20. Pleuroicenium 
Trabecula, portion at the isthmus ( X 410). Fig. 21. Pleurotaoenium Trabe- 
cula, part of the single cell ( X 190). 
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Brit. Desm.^ 1887, p. 26, PL 23, Pig. 3; liTordst., Index Besm., 

1896, p. 104 ; W. and G. S. West, FresJiw. Alg. Ceylon, 1902, 

p. 140; W. and G. S. West, lion. Brit. Desm., I, 1904, p. 130, 

PL 15, Pigs. 1-6; Krieger, Die Besmidiaceen der Beutscli. Limn. 

Stinda Expedition, 1932, p. 160, PL 4, Pig. 4. 

Cells of medium size, 10-12 times longer than their diameter, 
fairly well curved, outer margin about 110-125° of arc, inner maigin 
scarcely tumid gradually and gracefully attentuated towards the 
apices, dorsal margin at each apes obliquely truncate and slightly 
thickened. Cell wall smooth and of a reddish brown color. Ohloro- 
plasts obscurely ridged, 7-10 pyrenoids in a single tow. 

Bimensions : 

Length or distance between the 
apices . . . . . . 159-246*5 ft 

Breadth . . . . . . 16-23 * 7 ft. 

Breadth at the apex . . . . 5 ft 

Hah. — ^Kodaikanal Lake. 

This is slightly smaller than the European form and resembles 
Cl. Bianw var. arcuatum in measurements. It differs from the type 
in having 7-10 pyrenoids while in the type only 5-6 pyrenoids are 
present, W. and G. S. West, however, have showm 7 pyrenoids 
in one of their figures (W. and G. S. West, 3Ion. Brit. Besm., I, 
1904, PL 15, Pig. 4). 

6. Glosterium dddymoioetm Oorda 
var. annulatumw 2 JT. nov. 

(Pigs. 4, 11, 12) 

Cells single, fairly big, 22-24 times longer than their diameter ; 
outer margin about 25-35° of arc ; inner margin very slighly concave, 
gradually and very slightly attenuated towards the apices. Apex 
broad and with rounded angles, truncate; cell wall smooth and 
brownish. Chloroplasts ridged, with 7-9 pyrenoids. 

Bimensions : 

Length , . . . . . 297-333 p 

Breadth . . . . . . 12-14 fc 

Breadth at the apex . . .. 8 ft 

Kodaikanal Lake. * 

In the fully developed cell, the wall is brownish and girdle bands 
are also seen well. The dimeusions of the cell are very much smaller 
than those of the type (W. and G. S. West, Mon. Brit. Besm.,1, 1904, 
PL 12, p. 116, Pigs. 1-5) and several annular thickenings are formed. 
But the apex of the cell is not thickened or dark as in the type and in 
this respect the form Gcmes iieaT Cl. didymotocum var. aspenilum 
op. ciL, PL 12, Pigs. 11-13) but the cell wall differs from that of 
var. aspernlum, in being smooth and colored. The minute asperulate 
type of cell wall as seen in the var. is also absent here. 
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Again tliis comes near GL BiUsiacmi GTOiihUd zur 

Kenntnis der Desmidiaeeen ScUesie^is, 1926, p. 10, PI. 1, Pigs. 3-5) 
and agrees in measurements especially in breadti, but bis figures do 
not siiow tlie peculiar annular markings on tlie cells. Hence it is 
best to keep it as a new variety of CL didymoiocum, wliicb may be 
named var. anmdaium. 

Genus Fleurotcenium Hageli 1849 
7. Pleurotwnium Trabemla (Ebrbg.) S'ageli 
(Pigs. 13, 20, 21) 

Docidium Traheeula Wolle, Desm, 1884, p. 48, PL 9, 
Pigs. 2-4 and PL 11, Pigs. 1-7 ; Turner, FresliuK Alg, .B. 
Hidm, 1893, p. 38. 

PL Trahemda West, W. and G. S., Mon, Brit. Desm., 1, 1904, 
p. 209, PL 30, Pigs. 11-13 ; Smith, Wisconsin pliytoylanMon^ 
pt, II, 1924. 

Cells big, semi-cells with one basal inflation and a slight second 
undulation above it gradually attnetuated towards the apex. 
Lateral margins almost straight, apices rounded, destitute of 
tubercles. Cell wall punctate. 

Dimensions. 

Length . . . . . . 464-551 /x 

Breadth at the isthmus .. 20-25 *6 

Breadth at the apex . . . . 14-20 /x 

Isthmus .. .. .. 14-18 /X 

Eab, — ^Planktonic in Eodaikanal Lake. 

8<x. Phuroicenitm mimitmn Help. %ur. gracile Wille 
(Pigs. 3, 10a, 10b. 10c) 

W. Krifger, Die Desmidiaeeen der Deiitseh. Limn. Siinda 
Fwpedition, 1932, p. 167, PL 6, Pig. 7. 

Pleurotmnnim (!) minuium (Ealfs) Help. var. gracile Wille, 
Be Toni, Byll, Alg,^ 1889, I, p. 905. 

Penium minutnm (Ealfs) Cieve var. gracile Wille, W. and 
G. S. West., Mon, Brit. Desm., I, 1904, pp. 103-4, PL 10. Pig. 6. 
Cells single, elongated with psrallel walls and a Tcry slight 
constriction in the middle, 16-20 times as long as bread ; apex flat 
with a small depression in the middle, breadth iinifcrm throughout 
except near the tip where it becomes slightly narrower ; cell-wall 
very minutely punctate. 

Dimensions : 

Length .. .. .. 170-198 -5 /x 

Breadth .. .. .. 9-14-3/x 

Breadth at the apex .. .. 6-8ja 

Eab. — ^Planktonic in Kodaikanal Lake* 
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Sb, Pleurotamium Kayei Babenli. 

(Figs. 22, 31) 

DoGidium liorridum Borge, AustmL Susswasser-eJdoro- 
phyceefiy 1896, p. 28, PL 4, Fig. 55. 

PleuTotmnium Kayei Eabenh., Plor. Euro-p, Alg.^ Ill, 
1868, p. 144 ; GiitwinsM, De algis a Dre Jf. llaeihorsld anno 
1899 in insula Jam collectis^ 1902, j). 587, PL 37, Fig. 25 ; 
W. and G. S. West, FresJiw, Alg, Ceylon, 1902, p. 141, PI. 18, 
Figs. 33--34. . 

Cells big, 4“5 times longer tlian tlieir breadth (witli spines), 
semi-cells with splnose margins caused by always four rings of promi- 
nent double-headed spines, gradually tapering from the base to the 
apex; apex slightly dilated, truncate furnished with a i)eripheral 
ring of about 10 spine-like projections. Cell- wall smooth or sparsely 
punctate, punctse not quite distinct. 

Dimensions : 

Length .. .. .. 217-275*5 /a 

Breadth at isthmus with spines . . 54 *9-58 -5 /z 

Breadth at isthmus without spines 40-47-5 [jl 
Breadth at the apex with spines . . 13 -9-51 /x 

Breadth at the apex without spines 29-32 *9 /x 
Isthmus , . . . . . 21 *9-25 /x 

Had . — In a swamp at Kodaikanal. 

Gutwinski (1902) has shown 5 and 0 whorls of spines in his 
figures while Borge (1896) gives only four rings of spines. The 
number of spines seems to be variable. 

9. Pleurotmnium tessellatum (Joshua) Lagerh. 
var. bulbosum Krieger 
(Figs. 23, 24) 

Krieger, Die Besmidiaoeen der Deutscli. Limn, Sunda Expedi- 
tion, 1932, p. 168, PL 6, Fig. 11. 

Cells single, large, well constricted with sides slightly attenuated 
towards the apices ; basal inflation slight ; apex truncate with short 
spine-like projections. Cell-wall with about 7-10 transverse rings 
of irregular quadrangular projecting areas, areas being small at the 
base and elongated at the apex. 

Dimensions : 

Length . . . , . . 217 *5-304 *5 /x 

Breadth at the base . . . . 34-44 *9 /x 

Breadth at the apex . . . . 25-31 ^lx 

Isthmus . . .. 21-25 *6 /X 

Eab , — In a swamp at Kodaikanal. 

This form shows a close resemblance to Pleurotmnium trooUscum 
var. tuberculatum (Smith, Wisconsin phytoplanUon, pt. II, 1924, p. 17, 
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PL 55, Fig. S3) but as pointed out by Krieger (1932), PL iroeUsmm 
is more cylindrical, whereas tbe present form is somewhat narrowed 
towards the apex. The spines at the apex in the present form are 
again more robust than in PL trocMseum var. i-uberenlatum.. But the 
difference between these two species appears to be Tery very small. 

Genus Euastrum Ehrenbg. 1832 
10. Euastrum sinmsnm Len^^ 

(Fig. 25) 


Eaffs, Britu Desm., 1848, p. 85 ; Cooke, Brit Pesm., 1887, 
p. 71, PL 34, Fig. 3 ; Nordst., Index Desm.n 1896, p. 235 ; 
W. and G. S. West, Freslw, Alg. Ceijlon, 1902, p. 148 : 
W, andG. S. West, Mon, Brit Desm., IT, 1905, p. 2d, PL 36, 
Fig. 1. 

Cells deeply constricted, sinus narrowly linear with a dilated 
extremity ; semi -cells three lobed; polar lobe prominent and out- 
standing ; angles rounded ; apex with a narrow median incision ; 
lateral lobes bilobulate, lobules separated by a widely open siims, 
rounded lobules, upper not projecting so far as the lower, the margin 
of the lower lobule slightly crenate ; semi-cells with three prominent 
protuberances across the base, and two across the centre. Cell wall 
punctate. A small but prominent scrobiculation in each of the 
protuberance. 

Dimensions: 


Length 

Breadth at the centre 
Breadth at the apex 
Isthmus 


73-86 /X 
40-47 '5 /X 


16-23 II 


10 *9-12 -8 




B.ah,—lu a swamp at Kodaikanal. 

The crenate margin of the lower lobule and the presence of a 
small prominent scrobiculation in the centre of the protuberances 
are not seen in the type. In the presence of scrobiculations this 
resembles E, sinuosum var. ceylanieum West and West (W. and G. S. 
West, Freshw, Alg, Ceylon, 1902, p. 148, PL 19, Fig. 6). But, as 
only one or two specim.ens of the present form -were foxmd in the 
material, and since the side views of these individuals could not 
be obtained, it was decided to leave it for the present under the 
type itself until more material is available. 


Genus Micrasterias Agardh 1827 


11. Micrasterias pinnatifida (Kutz.) Ealfs. 


(Figs. 26, 27) 


Ealfs, Brit Desm,, 1848, p. 77, PL 10, Fig. 3 ; Wolle, Desm, 
1884, p. 116, PL 37, Figs. 7-8 ; Cooke, Brit Desrn., 1887, 
p. 54, PL 20, Fig. 3; Turner, FresJiw, Alg, E. India, 1893, p. 88, 
PL 5, Fig. 3 ; W, and G. S. West,^^^!^^ Brit Desm,, II, 1905, 
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Figs. 22-39. Fig. 22. Pleuroicenium Kayei, single gemi-cell showing 
spines ( X 410). Fig. 23. Pleuroicenium tessellatum var. hulhosum, single 
cell with chloropiasts (X 190). Fig. 24. Pleurotcpnium tessellatum var. 
hulhosum, semi-cell with quadrangular areas ( X 190). Fig. 25. Euastrum 
sinuosum, single cell ( x 410). Fig. 26. Micrasterias pimiaiijida, single 
cell with chloropiasts ( x 410), Fig. 27. Micrasterias pinnatifida, portion 
of the ceil with pores ( X 410). Fig. 28. Cosmarium ohsoletmn, single 
cell with pores and basal mami lias with pore canals at the base of semi- 
cells ( x 410). Fig. 29. Cosrnarium ohsoletum, vertical view -with chloro- 
plasts (x 410). Fig. 30. Micrasterias indsa var. Wallicliiana, single cell 
with chloropiasts (X 410). Fig, 31, Pleuroicenium Kayei, single cell wdth 
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p. 80, PL 41, Pigs. 7-11 ; Smith, 

pt. II, 1924, ' p. 41, PL 69, Pigs. 1-2 '; BrliM aB.d Biswas, Alg, 
of LoJctak Lake, 1926, p. 279, PL 6, Pig. 51. 

Cells small, slightly broader than long, deeply constricted, sinus 
open, isthmus very narrow. Semi-cells 3 lobed polar lobe, flattened 
or slightly convex, widely spreading extremities nairower than those 
of lateral lobes, ends bifid, lateral lobes horizontally disposed, 
semifnsiform in shape with bifid ends. Incisions between lateral 
lobes and polar lobe veiy broad. Cell wall miiiiitely punctate. 

Bimensions : 


Length 

Breadth . . . . . . 

Breadth of the polar lobe 
Isthmus . . . . . . 

Planktonic in Kodaikanal Lake. 


47-51 ‘3 /i 
49-54-7 /i 
38-46 /X 
S— 10 


The Kodaikanal form seems to be slightly smaller than the 
type. 


12. Micrasterias inelsa (Breb.) Ealfs. 


var. WaUicliiana Turner 


(Pigs. 30, 35) 

Turner, Freshiv. Alg. W. India, 1893, p. 89, PL 6, Pig. 62 ; 

BrOhl and Biswas, Alg* of the LoMak Lake, 1926, p. 280, PL 6, 

Pigs. 7 and 9. 

Cells small, little broader than long, deeply constricted, sinus 
narrow" and opening out ; isthmus narrow ; semieells three lobed, 
polar lobe entire, broadly trapezoidal, outer margins converging 
towards the apex, ending in small spines at the end ; lateral lobes 
horizontal, trapezoidal, ending in short spines tovrards the sinus ; 
incision between the polar lobe and lateral lobes broad ; vertical 
view oblong elliptic. Cell wall minutely punctate. 

Bimensions : 

Length . . . . 

Breadth . . . . 

Isthmus . . .... 

Polar Idbe . . . . 

Thickness .. 

Hab. — ^Planktonic in Kodaikanal Lake. 


chloroplasts ( X 190). Pig. 32. Cosmariuni globosiim, single cell with pores 
( X 410). Pig. 33. Cosmarium glohosum, vertical view with chloroplasts 
Lx 410). Pig. 34. Cosmarium globosum^ single cell with chloroplasts 

( X 410). Pig. 35. Micrasterias incisa var. WaUickiana, verti-cal view 

( X 410). Pig. 36. Cosmarium pachydermum var. indlcwm nov. 

semi-cell with big pores (X410). Pig. 37, Cosmarium pachyder mum 
var. indicum var. nov., vertical view with chloroplasts ( X 410). Pig. 38. 
Cosmarium pachydermum var. indicum var. nov,, semi -cell showing chloro- 
piasts ( X 4l0). Pig. 39. Comtarium pachydermum var. indicxim var. 
nov., single cell (X 410). 


38-41 II 
45-51 ft 
7-11 ft 
34-40 fx 
11 /X 
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The Hieasurements of the desiBid agree with those given hy 
Turner except that it is slightly shorter in length. The length given 
hy Tiirner is 48-53 w whereas here it is only 38-41 /x. 

Genas Cosmarium Corda 1834 

13. Gosmarium moniliforme (Turp.) Ealfs. 
forma punetata Lagerh. 

(Figs. 40, 41, 42, 43) 

W. and G. S. West, Mon. Brit. Desm., TIL 1908, p. 22, 

■ PL 87, Fig. 4. 

Cells single, deeply constricted, sinus widely open, usually 
acute ; semi-cells circular or subcircular ; side views of semi-cells 
almost circular, verticle view circular. Cell wall punctate. One axile 
cliloroplast in each semi-cell with a central pyrenoid and six radiat- 
ing plates. 

Dimensions : 

Length . . . . . . 40-47 p 

Breadth . . . . . . 21-27 /x 

Isthmus . . . . . . 5-76 /X 

Planktonic in Kodaikanal Lake. 

14. Gosmarium/ moniliforme (Turp.) Ealfs , 
forma panduriformis Heimerl 

(Figs. 46, 47, 48) 

Dysphinctum inferum Turner, FresJiw. Alg, P. India, 
1893, p. 40, pL 1, Fig. 21. 

0. moniliforme forma panduriforrms W. and G. S. West, 
Mo7l Brit Desm., Ill, 1908. p. 22, Pi. 67, Figs. 8-9. 

Cells single, very small, slightly constricted ; isthmus broad 
with an obtusely rounded sinus ; semi-cells subcircular, vertical 
view circular, cell wall smooth. Chloroplasts axile, one in each 
semi-cell with a central pyrenoid and about 6 to 7 radiating vertical 
plates. 

Dimensions : 

Length .. .. . .17-19 *6 

Breadth .. 11-12-8/4 

Isthmus .. . . . . 8-10 ju, 

jgr<x6.— Planktonic in Kodaikanal Lake. 

^ This comes near C. pseudarctum (W. and G. S. West, Mon. 
Brit. Desm., Ill, 1908, p, 32, PI. 68, Figs. 12-14) in general shape and 
size but the four radiating cruciately disposed lobes of the cliloroplast 
are not seen in the present form. This also shows some resemblance 
to 0. eonnatum (W. and G. S. West, Mon. Bnt. Desm., Ill, 1908, 
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p. 25, PL 76, Figs. 15-17) in shape but the present form is much 
smaller and has a smooth wall. 

15. Gosmarium ohsoletum (Hanztsch) Beinsch 
(Figs. 28, 29) 

Gosmarium palustre Turner, Freshiv, Alg, D, TMia, 1893, 
p. 60, PL 8, Figs. 65 and 64 ; PL 9, Fig. 29. 

0. ohsoletum mhn'p, palustre. Brnhl and Biswas, Alg. of the 
LoUalc LaUj 1926, p. 285, PL 9, Figs. 91-92. 

0. ohsoletum Not I ndew Desm. f 1S96) p. 186, W. and 
G. S. West, Freshw. Alg. Ceylon^ 1913, p. 164 ; W. and G. S. 
West, Mon. Brit. Desni., II, 1905, p. 133, PL 56, Figs. 1-3. 

Cells single, medium size, a little broader than long, deeply 
constricted, sinus narrowly linear with a dilated apex ; semi-cells 
semieliiptic ; basal angles submamillate with a small pore or canal; 
apex convex or slightly fiat. Yertieal view elliptic slightly attenuated 


towards poles. Cell wall punctate, 
two pyrenoids. 

OWoroplasts axile, eacli -with 

Dimensions : 


Length 

. . 36-40 (i 

Breadth 

.. 42-45-7 /i 

Isthmus 

. . 18-25 [i 

Thickness . . . - 

.. 23-9/i 


Hah. — ^Planktonic in Kodaikanal Lake. 


This agrees in dimensions with the smaller Buropeaii form but 
shows a m,amillate thickening through which the canal referred to 
in the large tropical forms is also seen (W. and G. S. West, Mon. 
Br. Desm., 1905, II, p. 134, PL 56, Fig. 4). Bnt the place 
where this form occurs is not typically tropical but subtropical 
and nearly temperate. 

16. Gos^narium glohostim Bninh. 

(Figs. 32, 33, 34) 

Eabeiih. Flor. Furop. Alg.^ Ill, 1868, p. 178 ; Cooke, Brit. 
Desm.j 1887, p. 121, PL 43, Fig. 6; hTordst., Index Desm. ^ 1896, 
p. 130 ; W. and G. S. West, Mon. Brit. Desm., Ill, 1908, p. 29, 
PL 68, Figs. 1-2. 

Cells small, slightly constricted, sinus rapidly widening from 
an aoute apex; semi-cells subcircular; vertical view circular. Ohloro- 
plasts axile, with a central pyrenoid and a number (6-8) of verti- 
cally disposed lobes. 

: Dimensions : 

Length , . . .; . '' .... '27-Sl'/r ^ 

Breadth ., .. .. 20-22 ju. 

Isthmus . . , . . . 18-20 

Hah. — Planktonic in Kodaikanal Lake. 
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17. Oosmarwm Lund, 

var. indieum var. nov. 

(Figs. 36, 37, 38, 39) 

Cells single, large, about IJ times longer than broad, ratber 
deeply constricted, sinus narrowly linear with a dilated apex; 
semi-cells widely semielliptic, apices broad, sometimes truncate ; 
side view of tbe semi-cells subcircular, vertical view elliptic ; cell 
wall punctate with big punctse. Chloroplasts ridged with two 
pyrenoids in each semi-cell. In vertical view they are stellate 
with several vertical ridges. 

Dimensions : 

Length . . . . . . 62-69 -5 ja 

Breadth .. .. .. 49-58 *5 /x 

Isthnaus .. .. .. 25-29/x- 

Thickness . . . . . . 34-37 /x 

Eab, — ^Planktonic in Kodaikanal Lake. 

This form closely resembles Gosmarium paeJiydermum 
(W. and G. S. West, Mon. Br. Desm., II, 1905, p. 139, PL 67, 
Fig. 7) in general shape, but is a much smaller form with thinner 
wails. It com.es very near G. pachydermum var. cetJiiopieum 
but differs in size, in the shape of semi-cells and also in the absence 
of minor punctae between scrobiculations. 

Genus XantMdium Ehrenberg 1837 

18. XantMdium sexmamillatum W. and G. S. West 
var pulneyensis var. nov. 

(Figs. 63, 57) 

Cells fairly big, little longer than broad, without spines, deeply 
constricted, sinus broadly open; semi-cells transversely elliptic ; 
lateral margin with S mamillse on each side, one apical, one sub-apical, 
and one median. Six strong spines on the apices of these six 
mamiUso on each semi-cell. Apical and sub-apical spines curved 
upwards, the median being almost horizontal. A fourth distinctly 
inarked mamilte with a short spine on both the lower sides of the 
semi-cell. Apex mostly straight. Vertical view nearly rhomboidal, 
sides thickened slightly more yellowish, three asymmetrically dis- 
posed spines at each pole. Cell wall punctate ; pyrenoids 2 in each 


semi-celL 

Dimensions : 

Length without spines . . . . 49-62 p, 

Length with spines .. . . 75-78 /x 

Breadth without spines . . 40-45 /x 

Breadth with spines . . . . 68-84 p 

Isthmus . . . . . , 10-12 p 

Thickness .. .. .. 30 /x 


Hab . — ^In a swamp at Kodaikanal. 
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TMs form comes very near Z. sewmamillat'um W. and G. S. West 
(FresfiW* from Burma, 1907, p. 211, PL 15 Pigs. 11, 12) espe- 
cially in the six spines situated on the apices of six naamillate projec- 
tions, Tbnt differs from it in the presence of two more small, well 
marked, mamillse on hoth the lower sides of the semi-cell, with the 
beginnings of a very short spine on each. The vertical view of the 
present form differs from that of X. sexmamUlatum in being more 
rhomboidal and in the spines being disposed asymmetrically. 
In this respect (vertical view) it resembles X, pseudobengaUmim 
Gronblad (New Desmids from Finland and North Eussia, 1921, 
p. 50, PL 4, Figs. 32, 33) but there are no mamillate projections 
in Z. pseudobengalicum, • 

Genus Bhrenberg 1838 

19. Arthrodesmus suhulatus Kutz. 

(Pigs. 44, 49, 50) 

A. convergens var. suhulatus (Kutz.) Babenh. Mor. Europ, 
Alg., Ill, 1868, p. 227. 

A, suhulatus Kutz., Species, Alg,, 1849, p. 176; Wolle, JDesm, 
IJ,S,, 1884, p. 96, PL 24, Figs. 11, 12 ; De Toni, Syll Alg,, 1889, 
p. 1059 ; Turner, Freshw, Alg, E. India, 1893, p. 133 ; 
W. and G. S. West, Mon, Brit, Besm,, lY, 1912, p. 109, PL 
116, Fig. 14 ; Smith, Wisconsin phytoplanUon, pt. II, 1924, 
p. 127, PL 85, Figs. 1-3. 

Cells single, a little longer than broad (without spines), deeply 
constricted, sinus widely open, angles of the semi-cells, each furnished 
with a long stout straight spine. Vertical view elliptic with a long 
spine at each pole. Cell wall finely punctate. Chloroplasts axile, 
one in each semi-cell with a central pyrenoid and two deeply forked 
processes radiating one towards each pole. 


Bimensions : 

Length . . . . . . 23*5-26 • 8 fi 

Breadth without spines . . 17-23 p 

Breadth with spines . . . . 45-55 (m 

Isthmus , . . . . . 3*6-5 *4 /x 

Thickness . . . . . . 12-14 p 


Eah, — Planktonic in Kodaikanal Lake. 

Genus Staumstrum Meyen 1829 

20. Staumstrum corniculaium Lund, 
a var. spinigerum West 

(Figs. 45, 51, 52, 56) 

W. and G. S. West, Mon. Brit. Besm,, lY, 1912, p. 164, 
pL 125, Figs. 19-22. 
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M^s. 40-66. Mg. 40. Cosmarium moniliforme forma punctata^ single 
cell witii pores ( X 410). Mg. 41. Cosmarium moniliforme forma punctata, 
semi-cells circular and cliloroplasts ( x 410). Mg. 42. Cosmarium monili- 
forme iormOi punctata, semi-cells with flattened apices and chloroplasts, 
(X 410). Mg. 43. Cosmarium moniliforme iorma^ pimctaia, vertical view 
with chloroplasts ( X 410). Fig. 44. Arthrodesmus subulatus, single cell 
with pores ( X 410). Ao» Staurastrum corniculatum y&v* spinigerum 

West, single cell ( X 410). Fig. Cosmarium moniliforme forma panduri- 
formis, vertical view with chloroplasts ( X 410). Fig. 47. Cosmarium 
moniliforme forma panduriformis, single ceil with chloroplasts (X 410). 
Fig. 48. Cosmarium moniliforme forma panduriformis, two daughter cells 
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: , Cells small, longer than broad, slightly coiiMricted ; semi-cells 
siibcnneate, gradually widened from a broad base ; sides yery 
slightly convex, apex straight,, angles of semi-cells produced and each 
furnished with a minute spine. Vertical view triangular, with 
straight sides and 3 small spines at the 3 angles. Chloroplasts 
two, one in each semi-cell, axile, with a central big pyrenoid 
and 3 deeply forked processes radiating one into each angle" 

Dimensions : 

Length 

Breadth .. .. 

Isthmus 

Spine . • . . 

Hab, — ^Planktonic in Kodaikanal Lake. 

This form exhibits variation in having the processes at the 
angles sometimes tumid (Fig. 45) and sometimes straight (Fig. 51). 

21. Staurastnim ToJiopikaligense Wolle. 

(Figs. 79, 86) 

8t. nonanum Turner, Freshiv, Alg. F, India^ 1893, p. 119, 
PL 15, Fig. 15. 

8t, Tohopekaligense De Toni, Alg.^ 1889, p. 1162; 
W. and G, S. West, FresJiio. Alg. Ceylon, 1902, p. 180 ; 
W. and G. S. West and hT. Carter, Mon. Brit, Desm., V, 1923, 
p. 178, PL 155, Figs. 12-14; Smith, Wisconsin phytoplankton, 
pt. II, 1924, p. 121, PL 82, Figs. 8-11. 

Cells of medium size, deeply constricted, sinus narrow at first, 
later widely opening ; semi-eeils broadly oval ; lateral angles produc- 
ed to form long slender processes ; upper part of semi-cells with 


after division ( X 410). Fig. 49. Arthrodesmus suhulatns^ daughter cells 
after division showing the outer piece ( x 410). Fig. 50. ArthrodesnmSi 
subulatus, vertical view showing chloroplasts ( X 410). Fig. 51. Sim- 
mstrum corniculatum var. spinigerum, single cell (x 410). Fig. 52. Stau^ 
rastrum corniculatum var. s-pinigerum, vertical view’ with cliloro- 
plasts ( X 410). Fig. 53. Xanthidium sexmamillatum var. pulmyensis 
var. nov., single cell ( X 410). Fig. 54. Staurastrum unicorne var, gracile 
var. nov., verticar view showing chloroplasts ( X 410). Fig. 55. Stau^ 
rastru 7 n uninonie var. gracile var. nov., cells in division ( x 410). Fig. 56. 
Staiirastnmi corniculatum var. spinigerum, vertical view with chloroplasts 
( X 410). Fig. 57. Xanthidium sexmamillatum Y&r. putney ensis vsbr. nov., 
vertical view ( X 410), Fig. 58. Staurastrum /iamcmem, vertical view 
showing spines ( X 410). Fig. 59. Staurastrum hexacerum YerticBl mew 
showing cliloroplasts ( x 410). Fig. 60. Staurastr 2 im unicorne. ysx. 
gracile var. nov., single cell (X 410). Fig, 61. Staurastrum hexacerum^ 
single cell (X 410). Fig. 62. Staurasirmn columhetoideSy single cell { X AlO). 
Fig. 63. Staurastrwn columhetoides, side view of the cell ( X 410). 
Fig. 64. Staurastrum gracile, vertical view with chloroplasts { X 410). 
Fig. 65. Staurastrmn gracile, vertical view with ridges at the top ( X 410). 
Fig. 66. Staurastrum gracile, single cell ( X 410). 

10 f 


25-29 p, 
17-21 *9 jx 

10 p 
1*1-2 p 
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six sub-apical processess, altogether about 9 in each semi-cell. All 
processes hollow, ending in two long divergent spines. Vertical 
view triangular with sides straight, bending only at the angles, 
produced into long processes, with another pair at each 
lateral side. Cell wall , punctate. Chloroplast a..xile, with a big 
central pyrenoid and 6-9 radiating processes, some extending into 
the processes also. 

Dimensions: 


Length without spines .. . . 32-44 -4 /x 

Length with spines .. 72-80 ja 

Breadth without processes , . 27-32 *2 /x 

Breadth with processes . 1 58-65 ju, 

Isthmus ■ . . . ' . . 10-14 iM 


Planktonic in Kodaikanal Lake. 

The type species has two or three spines at the end of each 
process. But here the number of spines is always two. This form 
appears to be same as 8L nonanum Turner. 


22. Staurastrmn unicorne Turner 
var. gfmciZc var. nov. 

(Figs. 54, 55, 60) 

Cells single, small, deeply constricted ; semi -cells euneate or 
triangular the sides hePg more convex ; angles of the semi-cells 
produced into smooth processes with capitate ends and short fine 
spines ; the processes before the capitate ends narrow. and elongated. 
Vertical view always trigonal, the lateral sides being mostly fiat or 
occasionally concave. Ohloroplasts two, axile, one in each semi-cell 
with a central axis enclosing a big pyrenoid and three massive deeply 
forked processes radiating one into each angle. 

Dimensions : 

Length .. 21-25-5 ja ' 

Breadth with processes >. 38-43-9/x 

Isthmus . . ' . . . . 5-7/x 

Hah , — ^Planktonic in Eodaikanal Lake. 


This Desmid resembles Staurastrum scolopaeinum (Turner, 
Freshw. Alg, E. Indiay 107, PL 17, Fig. 10) in general 

appearance, but is more constricted below the swellings. In this 
latter point it comes near Staurastrum unieorne (Turner, Fresliw. 
Alg, East India, 1893, p. 107, PL 15, Fig. 16). But the dorsal 
surface of the present form is more flat and the arms are much 
more elongated and narrowed than in St, unieorne. It differs from 
it again in having the sides either flat or concave in vertical view 
and also in having the tips much more tumid. 
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23. Staurastrum conteclum Turner 
Tar. inevoluUim Turner. 

(Figs. 67, 71) 

W. and. G. S. West, Some No7iJi Ameriemt Besinidem* 

Trans. Linn. Soc., Series II, B. 1896, p. 257, PL 16, Fig. 18. 

Cells small, single, broader than long, deeply constricted, siiaizs 
acute ; semi-cells trapezoidal ; MM and curTeci spine on each side 
near^ the apex, apex broad and flat with two spines at each angle. 
Yertical view triangular, sides slightly concave. Cell wall minutely 
punctate ; ^ chloroplasts two, one in each semi-cell, axile with a 
central axis enclosing a single big pyrenoid, three deeply forked 
processes radiating one into each arm. 

Length .. _ .. 21-29 jtx 

Breadth with spines . . . . 32-40 /x 

Isthmus . . . . . . 5-7 p- 

Hah. — ^Planktonic in Kodaikanal Lake. 

24. 8taurastTU7n longih'achiainm (Borge) Gutwin. 
var. mtermedium var. nov. 

(Figs. 77, 80, 81) 

Cells single, medium size, fairly constricted, sinus widely open, 
semi-cells truncate gradually attenuated towards the apex with 
four big verruese at the apex, two big in the centre and twm small 
on either side. Angles of the semi-cells produced into long hollow 
slender processes with sharply dentate upper and louver margins, 
ends of the processes bifurcated, a short verruca at the base 
of the process on each side of the semi-cells. Vertical view elliptic, 
poles continued into long processes with slightly undulate margins, 
and about four verrucas in the top view. Cell wall punctate. Chioro- 
plasts axile with a central big pyrenoid, and four radiating forked 
processes. 


JDimefisions : 

Length • . . . • • 31-36*6 /x 

Breadth with processes * . 65-95 /x 

Breadth without processes .. 12-16 /x 

Isthmus .. •* • • 4-7 fx 

Thickness . . . . • • 12-14 /x 


Hah. — ^Planktonic in Kodaikanal Lake. 

This form resembles St. longibracUatum (Bovge) Gutwin. (Borge, 
Austral. Suss'wa^ss. OM., 1896, p. 15, PL 2, Fig. 22; Gutwinski, Be 
Algis a Bre 31. BaciborsJci anno 1899 tn Bisula Java coll., 1902, 
p, *605, PL 40, Fig. 62) in general appearance and in the number 
of verruca at the apex. Borge bas shown only four at the apex. 
But the sides of the semi-cells have more verrucac in his as well 
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as in GiitwinsM^S figures. In possessing only one at tlie side of tlie 
senii-cell tMs coine« near to Staurastmm longihrachiatum var. 
pseudanehora (KriegeXj Die Desmidiaceen der BeuiscJi. Limn, Sunda 
Expedition, 1932, p. 202, PL 16, Fig. 3) but Krieger’s figure sliows 
more vermcse at tlie apex. Hence tlie present form is best kept 
as a new variety. 


25. Staurastrmi retusum Turner 
var, punctulatum Eichl. and Gutwin. 

(Figs. 82, 84) 

W. and G. S. West, Freshw. Mg. Ceylon, 1902, p. 178; 

Fre^hw. Alg. of Burma, 1907, p. 216, PL 15, Figs. 30~“32. 

Cells single, small, deeply constricted, seirii-cells j>yramidate 
or trapeziform, angles slightly rounded, lateral margins convex, 
vertical view triangular, rounded angles and concave sides. Cell 
wall punctate. Chloroplast axile with a central big pyrenoid and 
three deeply forked processes radiating one into each arm. 

Dimensions : 

Length . . . . . . 21-23 ‘7 p 

Breadth . . . . . . 21-23-7 im 

Isthmus .. .. .. 6-6 -8 p. 

Edb . — ^Planktonic in Kodaikanal Lake. 

26, Staurastrum gladiosum Turner 
(Figs. 68, 69, 72, 73) 


De Toni, Sylh Alg., 1889, p. 1172 ; Turner, Freshw. Alg. 
F. India, 1893, p. 112, PL 17, Fig. 2 ; W. and G. S. West and 
FT. Carter, Mon. Brit. Desm., V, 1923, p. 67, PL 137, Figs. 1-2 ; 
Krieger, Die Desmidiaceen der Deutsch. Limn. Sunda Expedi- 
tion, 1932, p. 199, PL 16, Fig. 14. 

Cells of medium size, about as long as broad or slightly longer 
than broad, sinus acute and not very widely open ; semi-cells 
elliptic reniform ; cell wall unifornaly covered with stout spines, 
more or less arranged in circles and scattered further away. 
Vertical view triangular, sides slightly concave, angles broadiy 
rounded, about 6-8 spines on each side. Chloroplast axile, one in 
each semi-cell, with a central big pyrenoid and three deeply forked 
lobes radiating one into each angle. 

Dimensions : 



Length with spines 
Length without spines . . 

Breadth with spines . . 

Breadth without spines 
Isthmus .. .. 

Eah . — Planktonic in Kodaikanal Lake. 


31-34-7 u 
25-31 fx 
27-32 fjL 
23 -7-25 -6 u 
5-7 fA 


This form seems to be slightly smaUer than the type. 
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27. Staurastmm fureatiim (Elir.) Ereb. 

{Figs. 75, 76) 

XantUMum furcaium' Brit, 1848, p. 213. 

Staurastrum spinosmn Ealfs, Brit. Besm,, 1848, p. 143, 
PL 22, Pig. 28; Be Bary, Gomjugaten^ 1858, p, 44. 

Staumstnm furcatiim Eabenli,, Flor, Europ. Alg.^ Ill, 1868, 
jj. 218 ; N'Ordst., Xorges Besm., 1873, p. 33 ; Welle, Bemi.U.S.^ 
1884, p. 150, PL 40, Pigs. 40-41 ; Cooke,' EnL 1887, 

p. 146; Be Toni, Syll Alg., 1889, p. 1153; W. riid. G. S. 

, West aid Carter, Mon, Brit, Besm.^ % 1923, p. 173, 
PL 155, Pigs. 1-4 j Sraitli, Wiseon, pliyiopl.j pt. II, 1924, 
p. 118, PL 83, Pigs. 1-3; Krieger, Bie Bes^niditceen ier 
Beidsch. Limn, Sunda ExpeMtion^ 1932, p. 199, PL 17, Pig. 11. 

Cells small, slightly longer than broad, deeply constricted, simis 
acute, each semi-cell with 9 bifid processes, cell wall smcoth. Vertical 
view triangular, angles continued into short processes endirg in a 
spine, sides with a pair of bifid processes on each lateral margin. 
Ohloroplast axile, one in each semi-cell, with a central pyrenoid and 
3 forked processes radiating one into each angle. 


Bimensions : 

Length with spines . . , . 18-29 p, 

Length without spines . . . . 15-19 *5 p 

Breadth with spines .. .. 17-25 *6 /x 

Breadth without spines . . 11 *9-17 p 

Isthmus . . . . . . 5-6 *8 p 


Hah , — ^Planktonic in Kodaikanal Lake. 

28. Btaurasirnmliexacemm 
(Pigs. 58, 59, 61) 

Staurastrum tricorne Ealfs, B?if, Besm,, 1848, p. 134, PL 22, 
Pig. 11, and PL 34, Fig. 8«. ; Belponte, Bern, subalp,, 1877, 
p. 145, PL 11, Pigs. 48-50 ; Wolle, Besm, U.8., 1884, p. 126, 
PL 41, Pigs. 36-38 ; Cooke, BriL Besm,, 1887, p. 167, PL 53, 

■ Pig. 2. 

Staurastrum hexacerum Turner, FresJm, Alg, E, India, 
1893, p. 125 ; W. and. G. S. WeBt, Ereshuu Alg, Burma, 19Q7, 
p. 218 ; W. and G. S. West and K Carter, Mon, Brit, Besm. 
1923, V, p. 138, PL 142, Pigs. 11-14. 

Cells small, slightly broader than long, deeply constricted, sinus 
open; semi-cells sub-triangular, both margins beirg convex and 
tapering towards the rmgies, forming very short pi oeesses endirg in 
about 3-4 spines. Cell w-all rough with tiny granules arranged in 
concentric series. Vertical view triangular ; lateral margins ccnca ve ; 
ohloroplast axile with a big central pyrenoid and three deeply 
forked processes radiating one into each angle. 
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Figs. 67-89. Fig, 67. Staurastrum contectum var. inevohdum:, single 
cell showing punctas { X 410). Fig. 68. Staurastrum gladiosum, vertical 
view with chloroplasts (X 410). Fig. 69. Staurastrum gladiosum., single 
cell with chloroplasts ( X 410). Fig. 70. Staurastrum arachne var. putney- 
ensis var. nov., vertical view showing spines ( X 410). Fig. 71. Stau- 
rasirmn contectum var. inevolutum, vertical view showing chloroplasts 
(x410j. Fig. 72, Staurastrum glacliosum^ vertical view showing spines 
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. , Dimensions : 

Leiig'tli ' 21 *9-23 -7 /X 

Bread til wi til processes ... ... 21 -9-26 -4 /x 

Bread til witlioiit processes 14 -6-18 ft 

Istlimiis . . . . . . 3 *6-5 -4 fx. 

Eeib.' — ^Kodailva.nal La^ke. 

TMs form exliibits a certain amount of Tariation in shape and in 
the, grannies. Sometimes the .grannies apiiear as very short spinons 
projections and sometimes they appear only as marginal deiiticiiia- 
tions. ■ ' 

29. JSiaurmtnim coliimbetoides West and West 
(Figs. 62. 63) 

W. and G. S. West, FresJiw, Alg, Ceglon, 1902, p. 186, 

PL 22, Figs. 8-9. 

Cells single, small, about times longer than broad without 
processes, deeply constricted, sinus narrow and linear ; semi-cells 
truncate pyramidate, sides slightly convex, angles produced into 
thin delicate, long processes with denticulated margins and bifur- 
cate ends. 

Dimensions : 

Length with processes .. 38-47 *5 fx 

Length without processes . . 12 -8-16 *4 fx 

Breadth with processes . . 27-38 /x 

Breadth without processes . . 10-14 *6 /x 

Isthmus . . . * V 7-5 /x 

Eah , — ^Planktonic in Kodaikanal Lake. 


( X 410). Fig. 7,3. Shiirastrimi gladiosum, single cell with spines ( X 410). 
Fig. 74. StauTastrum-arachne var. piihiei/ehsis var. nov., semi-cell ( x 410;. 
Fig. 75. Staurastnini furcafmn, single cell (X410^ Fig. 70. 
rasirum furcatum, vertical viejw with chioropiasts ( X 410). Fig. 77. Stau- 
mstrum longihracMatum var. intermedium var. nov., single cell ( x 410). 
Fig. 78. Stcmrastrum. anichne var. pulneyeyisis var. nov., vertical vicw 
showing chioropiasts ( X 410). Fig. 70. Staiirasinmi Tohopekaligense, 
vertical view’^ ( X 410). Fig. 80. Staiirastrum longihracliiatuni var. inter- 
medium var. nov., vertical view (_x 410). Fig. 81. Stauraslrum longi- 
brachiahmi var, intermedium, var. nov., seini-cell showing the verrucas 
( x 410). Fig. 82. Stanrastnim retusiim var. pimchdatunu vertical view 
with chioropiasts ( X 410). F g. 83. Gymnozyga moniliformis, vertical 
view with chioropiasts ( X 410). Fig. 84. Staiirastrum reiimim var. 
punctulatum, single cell with pores ( X 410). Fig. 85. Desmidmm Simrizii, 
vertical view with cliioroplasts ( X 4l0). F g. 80. Staurastnini Toho- 
pehaligeyise, single cell showing pores ( X 410). Fig. 87. Hyalotheca 
dissilieyis { X 4:16)^ Fig. 8S. Gymnozyga monit formis, filament with one 
cell in divisir- showing the replicate folds ( X 410). Fig, SO. Besmidiuni 
Swartzii ( X 410). 
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30. Staurasimm amehne Balfs 
Y2bT. pulneyensis Y'dijY, nov. 

(Figs. 70, 74, 78) 

Cells single, small, fairly constricted ; >semi-cells ciip-sliaped 
with the apices hearing small spines ; angles produced into long 
processes, each process being tipped with about 3 spines and rough 
with about 5-6 concentric series of denticulations. Vertical view 
four-sided with concave sides and a circle of eight granules in the 
centre. Chloroxdast axile with four lobes, deeply forked, radiating 
one into each process. 

Dimensions : 

Length .. .. .. 25 *6-27 /x 

Breadth with processes . . . . 68-70 

Breadth without processes . . 17-18*7 ja 

Isthmus .. .. .. 8*5-9 *4 /X 

Eak — Kodaikanal Lake. 

The circle of 8 spines seen in the vertical view appears as spines 
at the apex in side view. In possessing this ring of spines, the 
Desnaid comes very near 8t araehne var. araehnoides (W. and G-. S. 
West and K Carter, 31on. Brit Desm,^ Y, 1923, p. 132, PL 150, 
Fig. 3). But it differs from var. araehnoides in possessing only 
8 spines and being only 4 radiate while var. araehnoides lias 9-10 
verrucse and is 4-5 radiate. Again 5-6 concentric rows of denti- 
culations in the processes makes the present form quite different 
from var. araehnoides which has the rows much closer and also a 
large number of rows, about 9-11 or more. 

31. Staurasirum gracile Ealfs 
forma (Figs. 64, 65, 66) 

Cells variable, usually small about 1|- times broader than long 
including the processes, constriction slight as a notch ; semi-cells 
cup-shaped broadening slightly towards the apex which is very 
slightly convex. Angles produced into long processes tipped with 
3 or 4 minute spines and provided with several concentric series of 
denticulations ; processes horizontal or slightly curved. Vertical view 
always triangular, wdth the sides straight or slightly concave and the 
angles produced to form long processes, elongated ridges seen inside 
the lateral sides running sonrewhat parallel to it; each ridge 
appearing slightly constricted in the middle. Chloroplast axile with 
a central big pyrenoid and three deeply forked processes radiating 
one into each arm. 

Dimensions : 

Length .. .. .. 21-24* 6 /x 

Breadth with processes . . . . 29-39 • 6 /x 

Breadth without processes . , 10-13 -6 /x 

Isthmus .. .. .. 5-5 • 9 /X 

Hah . — ^Kodaikanal Lake. 
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: TMs comes very near SL gmeile var. ormium (Krieger, Bie 
BesmiMaceen' der BeuUeh Limn, Sunda BwpedMimj 1932, p. 200, 
PL 18, Fig. 13) in general outline and in tlie possession of tlie 
ridges In the vertical view. But in var. ornatum the ridges are 
well marked into 6 donble-headed distinct verrne® whereas the 
present form has only long ridges. In addition var. ornafam' 
has a sin.all grannie at the isthmus, on each side of the semi-cell, 
which is absent here. SL gracile (Erieger, op. p; 200, 

PL 18, Fig. 12) also resembles this form but the forma has more 
arched arms in the side view and in the vertical view no ridges 
are present. So the present form appears to be different from 
the other varieties in possessing the elongated ridges which are 
donble and very slightly divided in the middle. St graeile vslt, 
eoronuMum (W. and G. S. West and N, Gaiter, lion. Brit. Besm., 
Yj 1923, p. 100, PL 144, Fig. 10) also resembles this bnt this has 
not got the ridges but only distinct emarginate processes. 

Genus EyaXotheca Ehrenberg 1840 
32. Hyaloiheea dissiliens (Sm.) Be Breh. 

(Fig. 87) 

Balfs, Brit Besm., 1848, p. 51, PL 1, Fig. 1 ; Delponte, 
Besm. subalp., 1877, p. 47; Turner, Freshw. Alg. B. India, 1893, 
p. 151 ; W. and G. S. West, Freshw. Alg. of Ceylon, 1902, p. 195 ; 
W. and G. S. West and E. Carter, Mon. Brit Besm., ToL Y, 
1923, p. 230, PI. 161, Pigs. 16-27 ; Krieger, Bie Besmidiaceen der 
Beutsch. Limn. Sunda Boopediiion, 1932, p. 221, PL 26, Pig. 11. 

Filamentous, cells small, faintly constricted, constriction being 
a slight concavity in the middle of the lateral margins. Ohloro- 
plast axile, with a central pyrenoid and a number of radiating 
ridges. 

Dimensions ; 

Length .. .. 13-17/^ 

Breadth , . . . . . 16-18 /a 

Eah . — ^Kodaikaual Lake. 

Genus Besmidium Agardh 1824. 

33. Besmidium Stvarizii Ag. 

(Figs. 85,89) 

Balfs, Brit Besm., ISiS, p. 61, PI. 4 ; W. and G. S. West 
and E. Carter, Mon. Brit Besm., Y, 1923, p. 246, Pi. 163, 
Figs. 6-8; Smith, pliytoplanMon, pt. II, 1924, 

p. 144, PL 88, Figs. 1-2; Krieger, Bie Besmidiaceen der BeutseJi. 
Limn. Sunda Expedition, 1932, p. 221, PL 26, Fig. 8. 

Filaments spirally twisted, breadth of cells about twice the 
length, moderately constricted ; apex of semi-cell broadly truncate, 
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•witli a short connecting process at hach angle of the cell. Spaces 
between the cells faintly visible- Yertical view triangnlaf;' w 
concave sidesy angles broadly rounded. Chloroplasts massive, 
axile with broad projections running to the angles of the cells, 
projections incised about half the distance from the apex ; pyrenoid 
one in each lobe, opposite to the sides. 

Dimensions : 


Length 

Breadth at centre 
Bieadth at apex 
Isthmus 


.. 13-15 ‘Oja 

. . 31-34 jjL 

.. 27-29 *9 /X 

.. 23-25 * 6 /X 


Eab , — ^Kodaikanal Lake. 


This form appears to be slightly najirower than West^s form,; 
but agrees with the measurements given by Krieger. 


Genus Gymnozyga Ebrenberg, 1841 
34. Gymnozyga moniliformis Ehrenberg 
(Figs. 83, 88) 


Turner, Preshw, Alg. B. India, 1893, p. 151, W. and G. S. 
West and K. Carter, Mon. Brii. Desm., Yol. V, 1923, p. 255, 
PL 165, Figs. 8-9; Smith, WisconHn phytoplanUon, pt. II, 
1924, p. 146, PI. 87, Figi 11 ; Brlihl and BiSwas, Alg. of 
LoUaTc Lahe, 1^26, p. 314, PL 15, Fig. 157 ; Kriegerj Die 
Desmidiaceen der Deuisch. Limn, 8unda BsopedMion, 1QS2, 
p. 221, PL 26, Fig. 10. ‘ 

Filaments with barrel-shaped cells ; semi-cells with a small 
basal inflation and an extremely median constiiction, latei al margins 
straight ; apex broad and truncate. Yertical view circular with two 
opposite mamillse. Chloroplasts axile, with a central big pyrenoid 
and about 6 radiating plates. 

Dimensions : 

Length . . . . ... 29 

Breadth at centre . . . , 17 /x 

Breadth at the apex . . . . 11*9 jx 

Hal ), — Kodaikanal Lake. 


Bernard, Oh. (1908) 

(1909) 

Borge, O. (1896) 

(1899) 
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Siatement showing the distribution of the forms recorded in this paper 


BESMIDB moM KOBAIKAMAL, SOVTE INDIA 101 




a:- 

ca iZ 


T 5 O ■ 

a ' ^ 

d c 8 S 
fe = >■ 

U 

■Q 


OD 


uQ 

sa 

ns . § 
d 

^ 21 
> O 

^ g c3 'g 

oH M o 
Q 


OD 

d 

§ 


43 

03 

O 


W 

^ , {f 

o s2 1 

111 


e5 

5 


O" 

hs 


g 

S § 


X' r t 


3 


eS 

Q 


fW 

^ S 5? 

* c 3 jrj 

m ii J 

'2 3 

S 3 

tSrd-g 

. d,o 
^ dhii 


M 

0) 

o d 
^cS o 
p 4 ^ d 
« d? 
5^13 Pi 

0"o^ 

V " d 

CL) 


bn 

d 

CD 

P5 




S'^ 

d os 
«■§ 
d" S 

on:S 




3 

d 

« 

d" 

o 


d 

I 

d’ 

O 


B 

d 

CQ 


Cj 

d^ 

<i> 

W 

d 

a 

« 

d" 

0 

T» 

o 

O 


d 

Q 

© 

Q 


c3. 

'd3 

g 


to 


SP 

© 


d 

ffl 


eS d 

3 a 
Jii 

, 14^3 


I |a 

>» ® d 
?WPQ 


I 


§*^ d 
d 

Pn^dgQ 

o 

« 


d 

§ 

'3 

'd 

o 

M 


o 

Td 


o 

rd 


o o o 
.nS 'd ns 


o 


o o 
nd rd 


o 

-d 


o 




© 

s 

C3' 


pd 

d 

© 

d 


© 

S 

o 

§ 


-C5 S 


i 

'e 

ss 


43., 

f=? 


^ ■ -S' 
8 . X 

o 


o 

C5 ^ 


(U 

d 

> 

© 

M 

o 

O 

N 


d , 
d 

• <4 

© f> 

"S 2 
o 


43 

O 

p 

pp 


4 

d 

d 


43 

s 

s 

pp 


C| 

pA 

I 


c3 


O 

O 


t 

'S 


© 

to 

n 

JcP 

to 

43 

d 

© 


B 

d 


rO 

d 




d 


A 

*© 

P 


o 

d 


s 

d 


I 


0 

B 

s 


d. 


^ S 

o l> 


B B 

44 44 

o o 

J 5 - K 

d d 


O O O ft, Oi ft< 


4 s tiD 
O © 


I ■^, 


Statement slmving the distribtiiion of the forni^ recorded in this paper- 




BESMim 



Staurastrum retusum Turn. var. pimctulahim do. Ceylon, Burma . and Gr. S. W est 

EicLl. and Gutw. 


Stcmrastrum fnrcatum (Ehr.) Breb. . . . . do. 

Staurastrum liexacerimi .. .. do. Burma, Bengal W. and G. S. W est, ruriier 

Staurastrum columhetoides West and \Vest . . do. Ceylon W’^. and G. S. West 

Staurastrum arachne JXalfs. vsiT- pulneyensis vav. do. .. •• 
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A- MOTM, OW, HETEEOTHEIOHOPSLS YIEIDIB 


A NOTE ON HETEROTHRICHOPSIS VIRIDIS 
gen. et sp. nov. 

Bt M. O. P. Iyengae, M,A., Ph.D. (Loisd.), E.B.S. 

AKD 

• Miss S. Ka^-thamma, B.Sc. (Hoisb.), M.Sc. (Madeas) 

Universiiy Botcmy Labor citory^ Madras 

RecelTecl for publication on January 20tb, 1941 

The authors piiblisliecl in KoTember 1940 an account of a iicny algal 
germs under the name of Ulotliriehopsis (M. O. P. Iyengar and S. 
Kanthamma, ‘‘ A E'ote on Ulotliriehopsis mridis gen. et sp. hot. 
Journ, Inch Bot. /S'oe., 1940y 19, E'os. 1-3, 167-70). Since the pub- 
lication of this paper, the authors find that the name Ulotricliopsis'^ 
has been UvSed for another new genus of the Ulotrichace® 
by Wiehmann in 1937 (L. Wichmann, Studien liber die durch 
H-Stlick-Baii der Membra n ausgezeichneten Gattungen MIcrospora 
Binuclearia, Ulotrichopsis and Tribonema,’^ Pflanzenjorscliung, 
1937, Hft. 20, 81-83). The authors, therefore, rename their new 
genus as Eeicrothricliopsis gen. noy. 

Description 

Heterothriclwpsis gen. nov. ( = Ulothriehopsis Iyengar and 
Kanthamma, non Ulotriehopsis Wichmann). 

Thalliis filamentous and unbranched, consisting of a few cells 
only j)iaced in a row ; each cell containing a single nucleus and one 
or more i}arietal plate-like chloroplasts with one or more pyrenoids 
ill each. Vegetative reproduction by fragmentation of the fila- 
ments into shorter lengths consisting of one or more cells. Asexual 
reproduction by aplanospores. Zoosi>ores or gametes unknown. 

HeterotJiriehopsis viridis sp. nov. ( == ZUoihricliopsis vmdis 
Iyengar and Kanthamma). 

General characters same as those of the genus. Eilaments 
one to four cells xdaced in a row ; cells 6-2-7-.^ /x broad and 
15 • 8-33* 3 p long. Chloroplasts 1-8 (usually 2-4) in each cell. 

Hah— 111 a laboratory culture of soil algse from Tanibaram 
near Madras. 


“^The name is siDelt by Wichmann without an ‘"h” after the 
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NOTE TO CONTRIBUTORS 


Only papers written or communicated hy Members of the Indian 
Botanical Society are published in the Journal. 

Attention to the following points wiE greatly assist the Editor and 
ensure early and satisfactory publication : — 

Manuscrii^ts must be typed with double spacing and on one side of 
the paper only. Authors are particularly requested to revise their manu- 
scripts carefully before submitting them to the Editor. This will reduce 
the corrections in the proof. 

In view o£ the high cost of publication, contributions should be 
as concise as possible and all unnecessary tables and illustrations 
should be avoided. If the contributions are very long, the authors 
may be required to contribute a portion of the cost of publication. 

Names of genera and species should be underlined and will appear in 
italics. The names of the authors of genera and species should always be 
given. 

Original papers must conclude with a summary, drawing attention 
to the main facts and conclusions. References to literature cited 
should, as far as possible, be complete and must be carefully verified. 
A bibliography should be given at the end of the paper arranged 
alphabetically under authors* names. 

References to literature in the text should be made by quoting 
the author’s name and the year of publication adding the page where 
possible, thus (A. B. 1934, p. 25). When the author’s name occurs as 
a part of the text, only the year and page need be given. No 
references should be given as footnotes. 

Illustrations in line . — These should be drawn boldly in Indian ink 
on Bristol board or smooth white card. All necessary shading must be 
done in well-defined dots or lines. Colour, either in line or wash, should 
be avoided. It is important that such illustrations be drawn at least twice 
as large (in linear dimensions) as they are to appear in the reproduction. 
Due allow-ance for reduction must be made in size of lettering, tliickness of 
line, and closeness of shading. Where possible the figures should be grouped 
so as either to fit the page after reduction, or to come on part of the printed 
page as text-figures. Authors should number the text-figures consecutively 
and indicate in the text places where they are to appear. 



Wash Drawing , — For making half-tone blocks tlie orighii?! drawings 
should be done with brush, and hot with pen and ink. For these either 
black or grey colour may be used. Black, is better than grey. 

Photographs for block-making, ---EYevy photographic print which 

blocks are required should be black and wdiite on glossy surfaced paper— if 
possible extra glazed. The xnints must be sufficiently washed at the time 
of making them, since insufficiently washed prints become yellowish in 
colour and fade soon afterwards. Though every photograph w'ill reproduce 
as a half-tone block, best results are obtained only from black and white 
prints on glossy paper. Photograpliic prints on iiiatty paper, sepia-toned 
IJilnts or faded prints will not give clear results in block- making. The 
numbering or lettering inside the photographs should be done in pen only 
either with undiluted Indian ink on white surface or witli Cliinese wiiite on 
black surface. In case the x)hotograx)hs are to be reduced for reproduction 
the numbers or letters should be drawn large enougli to allow- for the 
necessary reduction. Combination of pliotographs and pen drawings in 
one xdate should be avoided. 

Allow^ance of space shoukl be made for legends below’^ the illustrations. 

Graphs should be drawn in Indian ink on co-ordinate paper ruled with 
blue lines. Any co-ordinate which is desired to appear in the reproduction 
should he drawm over with Indian ink. 

Drawings or idiotographs grouped for half-ione production should be 
trimmed and fitted together xierfectly so that they com]'>letely fill the 
board on which tliey are mounted. The cut edges ahvays sliow^ in the 
half-tone reproduction while the^^ do not appear in zinc-etcliings. 

Authors should correct the galley inoofs and sliouid make only the 
necessary changes. Extensive changes mean delay and extra cost which 
latter is cha,rgeable to the authors. 

Each author will receive 50 copies of the printed paper. Extra 

copies will be supplied at Printer’s cost price ; the numb or of extra coi)ies 
required must be stated on the corrected proof. 

Eeviews or abstracts of books or of papers in other Journals should 
begin with the author’s .name and initials, followed by the title of the book 
or paper, the name, volume, number and exact pages of t.he serial wiierc 
the paper was xniblished, the publisher’s name, the i>lace and date of 
publication and preferably, in the case of books, the price. 

All matter intended for publication in the Journal should be sent to 
the Chief Editor, P. Pari j a, A.. (Cantab.), Principal, Ravenshaw- College^; 
CJiauliagimj P.O., Cuttack. 
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TUBERCULINA ON UROMYCES HOBSONI 

VIZE 

Bt M. J. Tboeumalachae 

Department of Botany^ Central College, Bangalore 

(Communicated by Dr. M. A. Sampatlikumaran) 

Received for publication on September 29, 1940 

As far back as 1880, the genus TubereuUna was first described by 
Saccardo^ as a parasite on the pine rust Gronartium ribicola, 
Eostrup^ further studied the form TubereuUna maxima Eostrup 
(if, and reported its occurrence in Denmark and Germany. 

Tubeiif’*® was the first to study the cytological and cultural aspects 
of this fungus. Experiments were carried out to utilise this fungus 
as a means of controlling the devastating eftects of Gronartium 
fihieola on Finns strohus- Similar experiments were taken up in 
England, Denmark and Belgium, and the vrork of Spaulding^ and 
Eohmeder- showed that the development of aeciospores was 
prevented to a certain extent in Gronartium ribicola by the parasitism 
ot Tuber ctilina maxima FostTVip. 

Widespread efforts, were made to find out the occurrence of 
this fungus in the pine growing areas of America, and various 
workers sue]), as Hubert^ and others recorded this on species of 
Gronartium, including G. ribicola 2ind G, coleosporoides. In India 
there is no record of this fungus on pines. The only record is by 
Sydow and Mitter^* who found a species parasitic on the uredosori 
of the rust Fhalcopsora eronartiiformis (Barclay) Diet, on Yitis 
Jiimalayana, and named the fungus T. costarieana Syd. 

In studying the life-history of the rust fungus TJromyces 
Eobsoni Vize. on Jasminum grandiflorum, the writer observed this 
interesting fungus on the sorus forms. Hypertrophied flower buds 
of JasminuM (jrandiflorim which had developed aecia and pycnia, 
were covered with a purple black coating of TubereuUna. In places 
where the infection was sparse, the conidiosori coold be mistaken 
macroscopicallv for the telia of TJromyces Eobsoni Yize, It is quite 
well known that in TJromyces Hobsoni Yize. the telia x>ycnia, and 
aecia are associated with oxm another on the same host,^ 
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Tlie ...iBalerial .wa.-s collected and killed , in fixing ..fluids as 
Hemming’s and ■ Allen’s Fluids for sectioning after emfc'eddiiig ,iii 
para.ffln. Heidenliain’s Iron-alnm Hsematoxyliri with Orange G 
was used for staining. 

Description of the Fungus 

The genus Tuberenlina established by jSaccardo in 1880/ incliide 
those nredinicolons fungi imperfecti which liave hyaline eonidia and 
hyaline liyphre with smooth or nearly smootli sporodoclria. Only 
the conidiospore stage is known. In niicrotorne sections, the 
infection of aecia and pycnia of XTromyces Hohsoni was studied in 
detail. The mycelia form Imots ii^the intereelliilar spaces, right 
on the side of the pycnium. The gradual disiiitegTation of the 
.pycninm on the coiitiguoiis sides takes place, I.ii Fig. 1 the 
'pycniixm is attacked on eitlier side, and a remnant of it is remairiing 
.over in the centre. In later sta.geB the pycnia are completely 
surrounded by the mycelium, which extensively develops sporo- 
dochia (Fig. 2). 

In numerous cases the infection of aecia was also observed. 
The liypha^- enter the aecial cup, and attack the spore iiiotlier*cells, 
spores, peridial cells, and even the basal cells (Fig. 3). The coiiidia 
are acrogenous and not pleurogenous. The eoiiidiogpoTes are 
abstricted at the tip exogenously, and are not catenate. Two 
neighbouring groups of conidiosori may coalesce and form a con- 
tinuous by^'er. The mycelia are binucleate. The coiikliophores 
are binucleate (Fig. 5a), and the spores developed at the tip are 
spherical, thin walled and biniieleate (Fig, 55). The spores measure 
8*6 ju X 6*8 /X. 

While germination studies were not carried out to olflain infec- 
tion on XJfomyces Eobsoni Vize., it was interesting to note that some 
of the eonidiospores lying scattered near the conitlio|fliores liad 
produced small germ tubes. This ready germination of the spores 
soon after being abstricted off from the eonidiospores, miglit facili- 
tate infection of the rust fungus effectively. 

Hubert^ in his description of imxirm Eostrux) on 

cronartium ribieola states, that the mycelia of the liyperxiarasite 
attacks mostly spores of aecia and pycnia and not the mycelia in 
the host tissue. However he mentions the attack of the’ xiycnial 
stroma under the epidermis in some cases. In Tnberculina attaeking 
Uromyces Eobsord Yize. the infection of aecial x>lectenchyma and 
even pycnial mycelium was observed. The entire disintegiation 
of the aecial plectencliyma is followed by the development of 'sporo- 
dochia, which ruptures through the epidermis' (Fig. 4). The spores 
are dispersed by the wdnd. 

The keen interest that has been for long evinced in the life 
cycle of this fungus by the research workers in Eurox^e and America 
is explained by the fact, that it may possibl}' afford a means of 
controlling the blister rust of pines, Tubcuf and Hubert^ report 
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partial successes. Decrease in tlie production of aeciospores lias 
I been confirmed by various workers. In Uromyces Eohsoni Vize., 

the normal development of telia always takes place within the 
aecial cup and rarely in pycnia. In infected aecia telial development 
was found to be completely suppressed, thereby preventing the 
^ ; development of the resting spore form which is the only means of 

carrying on the infection in the next season. 

Dr. B. B. Mnndknr is of opinion tha-t this species of Tuhereulim 
on Uromyces Eohsoni, comes nearest to Tubereulina costarieana 8yd. 
on PJialropsora Cromrtiiformis (Barclay) Diet, recorded for India 
by Mnndknr (Fungi of India Supplement I, Scientific Monograph 
Imperial Council of Agric. Bes., 12, p.37, 1938) and that it resembles, 
in certain respects T‘ul)ereuUna pelargonii PSitoullinTd parasiti»sing 
the aecia of Fiiccinia granularis on Pelargonium Sp. in Arabia. In 
the absence of Sydow’s or Patonlliard’s type specimens for com- 
parison, the Tiihereulina species on Uromyces Eobsoni, Dr. Mundkur 
thinks, may tentatively he referred to Tubereulina costarieana Syd. 

In conclusion the writer wishes to acknowledge his indebted- 
ness to Dr.B.B. Mundkur, Imperial Agricultural Besearch Institute, 
New Delhi, for his valuable help in identifying the species and helpful 
suggestions, and to Dr. M. A. Sampathkumaran, m.a., ph.n., s.m. 
Professor of Botany, Central College, Bangalore, for guidance and 
f encouragement during the course of this work. 
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EXPLANATION' OP PLATE: I 


Fig. 1. Photomicrograph of an infected pycnium of Uromyces Hobmni. 

showing the development of conidiophores on either side. 
Disintegration of pycnosporoplioix^s can be made out. 
X 50. 

B’ig. 2. Photomicrograph showing the sporodochi 11111 completely 
enveloping two pycnia * Py X 50. 

Fig. 3. Camera lucida drawing of an infected aecia si 10 wing the 
conidiophores at the surface. The extension of hypha- 
between tlie chains of aeciospores down the aecial cup can be 
made out. X 160. 

Fig, 4. Camera lucida drawing, shoving the infection of plectenchyma 
of aecia, and the development of conidiophores below the 
epidermis. X 200. 

Fig. 5a, Conidiophores showing the development of spores at the tip 
exogenously. X 450. 

Fig. 5b, Conidiospores showing bi nucleate condition. X 450. 
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CHROMOSOMAL ALTERATIONS INDUCED 
BY X-RAYS IN BAJRI (PENNISETUM 
TYPHOIDES STAFF & HUBBARD) 

By if. Kkishnaswami, B.Sc., Ph.D. (Kiel.) 

AND 

G. N. Easgaswami Atyakgae, B.K!., LA.S. 

Mhiieis Bfeeding Station 
A(iric%iUimd Research histUuie, Coimbatore 
HcH.H‘i ved fco:v|Uiblic^ation on 

Kumar akb Joshi (1939) Uvsing a inetalax, water cooled, tungsten 
taiget tube, exposed to X-rays in Penmseium typlioidium^ ovaries 
and antliers (45 to 60 k,v. ; 5 nia. 5 mins. ; at 12 and. 14 inches) and 
seeds soaked in water for 24, 48 and 72 hours (50 k.v. ; 5 ma. ; 10-15 
mins. ; 12 indues). T]i(‘y obtained no singificant mutations ’’ 
under the given dosages, but however observed that mature plants 
were shorter in height, had lesser number of tillers, but gave longer 
earheads and the setting on the average was not good. 

Besting seeds of Bajri -were treated with X-rays in this Station 
and some of the results arc given below: 

Material AND Methods 

Besting dry seeds of RT. 700 ^Whip’ Cumbu from Nigeria 
were used in tins experimcLd'. The seeds were treated at the 
Physics Depart iiicmt of the Iiuliari Institute of Science, Bangalore. 
Our thanks are due to Sir 0. Eaman and his assistant Dr. P. 
Neelakantaii for the facilities and help rendered. 

Tlici se,ed Bainpl<?s were put into cellophane hags and spread 
single layered to an area of about 4 cm. x 2 cm. The' four limits 
■were marked off by pliosplioreseent paper strips. The bags were 
fastened by paper-clips to cardboard strips and the latter fixed by 
clamps to stands and raised to the level of the windows. 

Specifieaiion of the X-Ray Tube , — water cooled Spektroanalyt 
Eontgen ' Apparat, manufactured hj Eichard Seifert & Oo., 
Hamburg, provided with Lindeman-glass windows, | wave rectifica- 
tion and copper anticathode was used and operated at 15 ma. 
42,000 K.Y.P, and a target distance of 19 cm. The seeds were 
exposed for 1, 2, 3 hours duration. 

The exposed seeds were sown in pots at the Millets Breeding 
Station and later transplanted into the field. The germination in all 
the three treatments were good but the survivors were few. Many 
died even before the coleoptile could emerge out properly. Some 
albinos wore also noted. 

2 
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■ Treatment 

Duration 

No. of 
seeds 
treated 

Greens 

Albinos 

■ 

%' Survi- 
vors. 

A 

1 hour 

176 

82 

37 

46 ■ 5 

' ■ ^ ■ i 

2 „ 

200 

6 

47 

3 

0 

3 ,, 

142 



r,ii,i 

Control 


200 

192 


90 


In the three hours exposure, especially, the seedlings were seen to 
break through the soil surface but failed to develop further and all 
died. Thus 3 hours proved lethal and 2 hours sub-lethal under the 
given dosages. All the albinos died. 

The mature plants were all examined for any cliromosomal 
mutants that might have occurred. Four plants from treatment A 
showed aberrations and their behaviour is given below : 

Method . — Only the meiotic phase was examined. The flower- 
buds were fixed in Acetic- alcohol {1 : 2 mixture). The cursory 
examinations were done in temporary aceto-carmine smears. Para- 
ffin sections of the required material were cut. The sections were 
stained according to Peulgen’s technique and counter-»stained 
with Fast-green. All figures are draAvn to a magnification of about 
3,000, while those from the acetocarmine mounts have been drawn 
to a nxagnification of about 2,300. Figures reduced to f in 
reproduction. 

The acetocarmine smears showed the cells and chromosomes 
swelled to almost twice the size of those in the permanent prepara- 
tions. Hence the figures drawn from the smears appear larger than 
those from paraffin preparations. Meiotic stages from diakmesis 
onwards only have been observed. 

(Plants Fos. 53, 60 and 64),— Normally Pennisetum froius four 
ring bivalents and three rod bivalents. The anaphase >slioxvs 
regular separation of 7 univalents to each pole (Fig. 1, M-I cliromo- 
somes spaced out 2, A-I). But in these treated plants there occurred 
instead of seven bivalents 5 bivalents and one ring of four, or a 
chain of four and 5. bivalents (Fig. 3, a ring of 4 in plant 64 ; Fig. 4, 
a chain of four M.I. in plant 53 ; Fig. 7, ring of 4 at M.I. in plant 60); 
The ring usually appears as a chain at metaphase I due to dissolu- 
tion of chiasma (Fig. 5). In some cases a chain of three and' a uni- 
valent may appear (Figs. 6 and 8). At anaphase the associated 
chromosomes are distributed commonly 3 to 1 pole and 1 to the 
other (Fig. 9), so that there occur 8 and 6 at the poles (Fig. 10) at 
telophase. v » ; 
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1-16. Meiofsis in plants 53, 60 and 64. Explanation in text 
(Pigs. 1, 2, 5, 6, 10, 13 and 16 acetocarmine smear)- Plant 53 — Pigs. 1, 8, 
9, 12 and 13 ; Plant 60--™Pig. 7 : Plant 64— ^ 2, 3, 5, 0, 10, 11a and b, 
14, 15 and 16 (Cytomixis). 

Some abnormalities were also noted. Pings of three or a chain 
of three with a short fourth segment W'ere observed (Figs. 11& and a). 
A chain of 6 .chromosomes is shown in Fig. 12. Fig. 13 is an ana- 
phase in which instead of the normal end chromosome (as in Fig, 9) 
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one of the middle is pulled to one pole while the other three to the 
opposite pole. In a few cases translocation of a short segment 
appears to have occurred (Figs. 14 and 15 the piece marked a). 
Fig. 16 is at M”Ij one bivalent has got into the neighbouring cell 
probably due to cytomixis. 
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The plants were semisterile. 

Plant 56.— This plant also showed rings of four (Figs. 17 and 18) 
or chains of four (Figs. 19-21). The nucleolar chromosomes seem 
to have been involved in this plant. Fig. 19 shows both the end 
chromosomes of the chain attached each to one nucleolus and 
Fig. 20 with both attached to the same nucleolus. In some of the 
pollen mother -cells two rings of four or a chian of four and a ring 
were observed. In two cases the two rings had associated into 
single chain of 8 (Figs. 23a, open chain ; closed chain). Inter- 
locking occurred in some cases (Figs. 24a and b). At anaphase as 
in the case of the previous three plants the associated chromosomes 
separated into 3 and 1 (Fig. 25). In some of the P.M.C.’s a uni- 
valent was seen on the spindle towards late anaphase (Fig. 26) or 
at telophase at one of the poles (Fig. 27). It is probable that one of 
the chiomnsomes of the chain separates early and two of the others 
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go to one pole leaving the middle one at the plate. In Fig. 25 the 
connection between the top one and the lower two at the equatorial 
plate appear to be stretched and in tension so that the lower two 
separate themselves from the top one. At the anaphase-II some- 
times a univalent was seen dividing (Fig. 34). The distribution of 
the chromosomes in normal cells is 7-7 (Fig. 28). The cells with 
rings may show 8-6 or occasionally 9-5 showing that the ring had 
failed to disjoin and migrated as such to one pole. 

Fig. 30 shows a delayed disjunction. Chromatin bridge and a 
small fragment are formed at Anaphase-I very commonly (Figs. 31 
and 32). The bridges occur also in cells without chains or rings 
indicating that inversion has taken place in one of the chromosomes 
other than those wvith segmental interchange. The ring was not 
observed to form the bridge. Fig. 33 shows a normal 7-7 distribu- 
tion with remnant of first division bridge. Tetrads are normally 
formed bnt the plant is semisterile. 

The following gives the frequency of cells with segmental inter- 
change : — 


Plant No. 

Cells without 
rings 

Cells with 
ring or chain 

% of cells 
with rings 

53 

332 

71 

17‘6 

50 

126 

85 

40-2 

60 

70 

30 

30-0 

64 

66 

■ ■ 45 

40-5 

Total 

.. 594 

■ 

231 

28-0% 


That the association of non-homologous chromosomes in rings 
or chains is due to structural hybridity involving segmental inter- 
change is well estahhshed. Such types are classed a's Interchange 
heterozygotes (Darlington, 1937). Similar cases have been recorded 
as occurring- as a result of irradiation (Sansome and Philp, 1939) and 
also in nature. Amongst the cereals they have been noted in Zea- 
mays (Stadler, 1931, MeClintock, 1930), Oryza satim (Eamiah et al, 
1934), Avenafatua (HusMns, 1926), Eleusine coracana (Krishnaswamy, 
1939), Secale cereale (Darlington, 1937), Triticum monococeum 
(Katayama, 1936, 1935a.). The occurrence of chains of three is 
obviously owing to either early dissolution of the chiasma or failure 
of chiasma (Darhiigton, l.c.). The genetical implications of the 
segregation of the interchanged chromosomes have been fullv dis- 
cussed by Sansome and Philps (l.c.). Selfed seeds from these four 
plants have been gathered with a view to study the progeny. 
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Summary 


1. Tile dry seeds of Fenniseium typJioides S. and H. have been 
treated witli X-rays for 1, 2 and 3 hours durations. The two 
hours exposure proves sub-lethal and the three lethal. 


2. In the progeny of the exposed seeds four plants with seg- 
mental interchange were noted. The cytological behaviour of these 
plants is described. 

3. One of the plants, in addition to the segmental interchange, 
showed inversion in one of the chromosomes not involved in the 
interchange. 

4. The plants were all semisterile. The selfed seeds of these 
plants have been gathered for further study. 
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8TUM OF 'EYCTAmnm ABEOETBISTIS L. 

ANOMALOUS STRUCTURE OF THE STEM 
OF NYCTANTHES ARBORTRISTIS L. 

By Gihija P. Majumbae 

Botanical Laboratories, PreBidency College, Calcutta 

EeceiTed for ]mWication on January 14, 1941 

At the Twenty -third Session of the Indian Science Congress^ 
I read a short paper before the Botany Section on the structure 
of Nyetantlies stem, and thought of working out its details in future. 
Meanwhile Mr. Fotidar^ has publivshed an account of the primary 
vascular system of this plant. As Mr. Potidar^s account appears 
to me to be rather incomplete in some respects, particularly in regard 
to the occuiTence of the band of fibrous pericycle (p. 43 and fig. 1), 
this note, •which I prepared while working in the Botanical Labo- 
ratories of the Leeds University, may be taken as a supplement 
to Mr. Eotidar’s paper. 

NyctantJies arbortristis L. is a member of the Oleacege, and is 
a •woody shrub cultivated in gardens and also found ■wild in 
Chittagong. Solereder^' states in relation to the family Oleacege, 
the axis shows no anomalous structure, even in the climbing 
species of Jasminum ^^ (p. 525). Examination of the plant does 
show, however, anomaly in the presence of cortical bundles with 
inverse orientation of their elements. 

The ])lant has a decussate phyllotaxis. The leaf-trace is com- 
posed of three bundles, but this is associated with only one leaf- 
gap, since lateral bundles from the leaf run down the internode 
below as cortical brn'idles, and are not associated with gaps in the 
vascular ring of the axis. 

The trace system of the vascular ring is normal ; the pair of 
bundles contributed by a pair of leaves run down vertically until 
they fork around the leoi-gap of the lower next pair on the same 
orthostichy, the pair from leaves inserted at the other two ortho- 
stichies behaving in a similar manner. 

In their course through the internode below^ the leaf insertion, 
the main trace bundles join the vascular ring of the axis, but the 
regions containing the vessels indicate the position of the main 
bundles, the traces of the axillary bud and downward prolongations 
of forked bundles from higher pairs of leaves. The tissue around 
the leaf-gai)s are evidently slow to repair since fairly down the 
internode the main bundles from the pair of leaves at the next 
higher node but one are already sho-vving commencement of forking 
around the leaf -gap (fig. 6). 

3 
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Figs. 1-6. NyciantJies arbor tristis h. 

Figs. 1-6 . Anomalous stem structure of Nyctanthes arhoriristis L. 
A series of transverse sections of the stem, just above, through and below 
a node. Fig. 1 shows the structure of the petiole ; fig. 2 that of internode 
and leaf -base just above the node ; fig. 3 the same at the insertion of the 
leaf ; figs. 4 and 5 at the node ; and fig. 6 a little below the node ; m, 
main trace bundle ; a, h, c and a', 5', c', laterals ; 5, starch sheath ; and 
proto xylem. All figures are drawn under a micro-projection apparatus, 
semi-diagrammatic (X 20). 

Ooi'tical bundles occur in a number of plants (De Bary,’- p. 256 /.; 
Solereder,® p. 1159 — ^under anomalous structure of" tbe axis). 
Soleieder® and Prillieux® who worked on Nyotanthes apparently 
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failed to record tlie presence of cortical bundles in this plant. The 
anomaly was perhaps for the first time reported by me in 1936. 

The type of anomaly noticed in this plant strangely enoiigh 
corresponds in the main outline to what has been described for the 
widely separated genus CalycantJius of the Calycanthacese. Thus 
the cortical bundles of Nyctanthes like those in Galycanthm are 
peculiar in building up an entirely cortical system which is ne-Ter 
directly connected with the main axial ring, and also in the way 
in which the marginal bundles which run in the petiole with normal 
orientation of xylem and phloem swing round at the node of inser- 
tion so as to show inrerse orientation in their courses in the axis. 

Mr. Eotidar^ has described (p. 43) and figured (fig. 1, p. 44) 
the presence of a sclerenchymatous pericycle as a notable feature 
in Nyctanthes^ and according to bim Solereder^ regards this feature 
as characteristic of the family Oleacese (p. 43). But Solereder 
(p. 525) mentions Jasminum, Syringa and others as haring isolated 
groups of bast fibres in the place of a continuous fibrous pericycle, 
and quotes Pitard (1901) who found the pericycle to contain 
isolated groups of bast fibres in Fontanesia sp. and ForsytMa sp. 
(p. 982). 

In my material, collected from a garden in Calcutta, the com- 
parative study of the stages of tissue difierentiation in the axis 
gives a different picture. The starch sheath differentiates very 
early and persists for a long time after the secondary growth has 
started. Between the starch sheath and the vascular ring a layer 
or two of pericycle may be distinguished at an early stage of tissue 
differentiation, but soon after fibre mother cells in groups are seen 
to organise at the outer periphery of the phloem ring. In fairly 
old axes these groups are diff'erentiated into isolated patches of 
lustrous white unlignified fibre cells, and form a discontinuous ring 
of sclerenchyma of variable depth around the vascular ring. At 
some places the fibrous cells abut directly on tbe endodermis by 
CTushing and obliterating the intervening cells of the pericycle ; 
at other places, particularly between adjacent groups, a few of the 
original cells of the pericycle may still be distinguished. Identical 
fibre cells singly or in groups of two, rarely three, are also second- 
arily differentiated just at the outer periphery of the phloem of the 
cortical bundles. Developmental studies confirm that these isolated 
groups of fib'^e cells belong to the phloem and not to the pericycle. 
in origin and nature they are like phloem fibres of jute, hemp, 
potato, tobacco and similar other plants (Kundu'^). 

In conclusion it may be pointed out that the statement often 
made in Solereder and other treatises that the pericycle contains 
isolated groups of bast fibres ” is misleading and should not be 
taken literally, since bast fibres, as later investigators have shown, 
belong to the phloem, and pericycle, when present, is altogether 
a different tissue region outside the phloem. Eames and MacDaniels^ 
state that ^ bast fibres ’ should be discontinued as a technical 
term (p. 75). 
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A MORPHOLOGICAL STUDY OF THE FLOWER 
OF BLYXA ECHINOSPERMA HOOK. F. 

By K. Eakgabamy 

Beparlment of Boiamj, Central ‘College^ Bangalore 
{Communicated by M, A. Sampatbkumaran) 

■Received for publication on August 19th, 1940 
iNTRODUCTIOIsr 

The genus Bhjm belongs to the family Hydrocharitacese and order 
Helobiales. Many genera of this family have already been investi- 
gated by different workers, Blodea (Wjdie, 1904), Ottelia (Karasimha- 
murthy, 1935), Vallisneria (Eangasamy, 1034 ; Witmer, 1937), 
Bnalus (Kaiisik, 1940), Hydroeharis Stratiotcs (Clausen, 1927). 
The present study of Blywa ecJiinos'perma Hook, f, would complete 
the investigation of all the genera of the family with the exception 
of Lagarosiplionj BooUia^ and HalopJiila. 

Mateeial and Methods 

The gemiB Blyxa has many species distributed in Indian inland 
waters, some bearing unisexual and others hermaphrodite flow'ers. 
The dioecious species are more numerous than the bisexual types. 
Blyxa eeUnosperma a hermaphrodite species commonly distri- 
buted in South India. It is easily identified by its echinate and t-wo 
tailed seeds. 

The material was collected at Talaguppa, a village near Jog 
Falls in Mysore State, from a stagnant pool. The plant ver^^ much 
resembles Vallisneria spiralis in its appearance, but lacks the coiled 
peduncle of the female flower and the short male inflorescence of 
Vallisneria. The hermaphrodite flowers bloom just above the level 
of water and there is no withdrawal after pollination. The pollina- 
tion is effected either by wind or insects. The length of the flower 
stalk depends upon the depth of the surrounding w^ater as in 
Vallisneria. These do not grow beyond a depth of five or six feet, 
being confined only to the margins of deep stagnant pools in the 
Western Ghats. 

The material was fixed in ISTawaschinCs fluid in the field and 
w‘as later dehydrated and cleared in grades of alcohol and xyioL 
Since each cluster contained a number of flowers at different stages 
of development, it was easy to study the growth and differentiation 
of the various parts. Each flower cluster is covered over by a 
spathe-like sheath, with plenty of mucilage. This w’-as removed 
and the cluster w^as put into the fixing fluid. The wall of the ovary 
at the fertilization stage and after develops lot of cutin, which 
hinders infiltration by paraffin. Therefore, the fertilised ovules 
and the seeds containing various stages of embryo were removed 

4 
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from tlio ovary and fixed seps-rately. The material was cut at a 
varying thickness of 10 and 14 /x and stained with iron-alum 
liEeinatoxylin. 

The Elo^veu 


The floAver cluster shows a iiumher of flowers arising in aero- 
petal succession along with numerous bract-like scales and muci- 
lage hairs (Fig. 1). Some of the scales are empty Avliile others contain 



^ Text-figs. 1-10. Blyxa ecMwospema.— Fig, 1. 
inflorescence showing four flowers, bracts, and mucilage scale 


of the 
Dotted 
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in their axils the developing flowers. In a longitudinal section, the 
axis of the inflorescence shows a nnmber of cavities alternately 
arranged as shown in the figure. Each cavity is surrounded by 
mucilage secreting cells. The vascular bundles are not distinct at 
first, and appear only after the flowers have considerably advanced 
in their growth. At a certain height in the flower stalk, the flower 
spathe arises as a circular growth and its tip shows three projec- 
tions which imbricate the flower at the tip. The youngest flower in 
(Eig. 1) shows the spathe primordium emerging out. The perianth 
lobes are three in nunaber appearing higher up in the flower. There 
are three stamens alternating with these perianth leaves and arising 
on the top of the inferior ovary. The mucilage secreting hairs are 
found in the axil of the flower and the spathe. The cross section 
of the flower (Fig. 2), shows four or five of these hairs, while the longi- 
tudinal section shows two on either side. Each of these hairs con- 
sists of densely staining cells in the earlier stages, but later exhibits 
complete depletion of cell contents becoming brownish in appear- 
ance. The secreted mucilage also appears brown in section of 
young flowers. The significance of these mucilage hairs in the 
tender parts of the aquatics as a protection against harmful osmotic 
variations has been recognized by Goebel (1889-93). The presence 
of similar hairs in flowers has been noted in Fnalus (Kausik, 1940) 
and in (Wylie, 1904). 

Each flower when young shows two mucilaginous ducts along 
the length of the stalk on either side (Fig. 3^), which enter into the 
spathe. The ducts are narrow and develop schizogenously. Towards 
the outside, the cells appear to be rich in contents and take part 
in secreting mucilage (Fig. 3&), while on the inner side the cells are 
poor in contents. These lateral ducts later fuse at the base of the 
ovary. As the flower grows, the ducts grow wider and become 
irregular by the disorganisation of cells around them, but the muci- 
lage system is fully formed even before the first appearance of the 
vascuiar traces in the flower. 

The ovary differentiates rather late. When the microspore- 
mother cells are formed, three radiating grooves arise in the solid 
core of tissue beneath the perianth and the stamens. The cells 
bordering these canals become richer in contents (Fig. 4), as the 


spaces indicate mucilage areas ( x 80). Pig. 2. Cross section of flower 
(ovary portion) with outer spathe, mucilage scales, ovary with three split 
placental ridges, ovules and six vascular groups ( x 80). Pig. 3* a. Long 
section of flower with outer spathe, two mucilage scales, below, perianth 
lobes above and primordia of anthers. The mucilage ducts could be followed 
from the base of the flower ( X 80). Pig. 3&. Shows the schizogenous origin 
of mucilage duct with cells rich on one side ( x 800). Pig. 4. Cross section 
of young ovary having three slits with cells rich on sides { X 800), Pig. 5. 
The nature of origin of aerenchyma in the wall of ovary and flower stalk 
( X 800). Pig. 0. The hypodermal male archesporium ( X 800). Pigs. 7 and 
8. Long and Cross sections of anther locules to show a single layer of pollen 
mother cells, tapetum, parietal layer, and the epidermis (X 800). Pig. 9. 
Old anther locule with pollen and periplasmodium ( x 400). Pig. 10. 
Pollen tetrad, isobilaterai ( X 800). 
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nucleiis Ie tlie microspore-motlier cell prepares for meiotic divisions. 
The projecting ridges get gradually split up at the tip marked by 
rich placental cells. 

The development of aerenchyma in the wall of the ovary and 
the flower stalk was followed and has been represented in (Fig. 5). 
The originally compactly arranged cells begin to show spaces at 
their corners. These spaces get enlarged by the formation of 
smaller cells between the larger ones. The formation of the snaaller 
cell is preceded by the migration of the nucleus of the bigger cell 
to one side. After nuclear division a wall is laid down and thus a 
small cell is cut of. Such small cells have meristematic activity 
and by division form a chain of cells. The length of this chain 
determines the dimension of the air spaces. Such air spaces begin 
to form by the time the initials of the ovules are established. 

Miceosporogenesis 

The primordia of the anthers ari^e very early in the history of 
the flower. Bach prim ordium shows the formation of four lobes. 
A vertical section of one of these lobes discloses the formation of 
the archesporium in the hypodermal position (Big. 6). This arches- 
porial plate of five or six cells in length and one cell in width soon 
cuts off a layer of parietal cells. These parietal cells undergo 
further division to form the tapetum, which consists of cells that are 
as rich ill contents as the sporogenous cells themselves (Big. 7). In 
YalUsneria (Eangasamy, 1934 ; Witmer, 1937) and OUelia 
(ITarasimhamurthy, 1935) also, the parietal cell undergoes division* 
to form both the wall layer and the tapetum. OUelia has two wall 
layers while YalUsneria and Blyxa have only one. 

The sporogenous cells have a limited number of divisions. 
There is only one, sometimes two layers (Bigs. 7 and 8), of micro- 
spore-mother cells surrounded by tapetum. Thus the pollen grains 
are very limited in each anther. 

The tapetal cells which are uni-nucleate very soon break down 
and the nuclei with the cytoplasm migrate into the mass of micro- 
spore-mother cells forming a persistent periplasmodium (Big. 9), 
which feeds the male cells right from the tetrad stage. This kind 
of a plasmodium is a feature of common occurrenee in Heiobiales. 

The tetrads show the pollen grains arranged in a bi-lateral 
manner (Big. 10). In Yallisneria, Witmer (1937) records the same 
character, while in OlMia, Narasimhamurthy (1935) observed in 
addition to the hi-lateral type of tetrads the linear and the tetra- 
hedral types also. With the liberation of the microspore from the 
mother cell wall, the differentiation of the exine and intine takes 
place. The exine forms projections which become conspicuous 
later, making the pollen spinescent. 

The mature pollen shows the presence of a tube nucleus and 
two sperm cells. The two sperm cells are placed back to back 
(Big. 11), with their projecting ends pointing outward. The two 
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cells remain close together only when they are formed. Soon they 
get loose from each other and lie freely in the pollen grain. The 
wall of the sperm cells in mature pollen could be seen only under the 
oil immersion lens. The formation of sperm cells in Vallisneria 
(WitmeTj 1937) and Flodea (Wylie, 1904) is similar to that in Blyxa^ 
but there the sperm cells are spindle-shaped. A spindle-shaped 
generative cell has been figured for Ottelia (hTarasimhamurthy, 
1935). 

The Ovule and Megaspobog-enesis 

The ovules arise regularly in a line in the furrows of the ovary 
(Eig. 4). The longitudinal sections of the ovary show wavy ridges 
in a line marking out the primordia of the ovules. Though Vallis- 
neria also has a tri-carpellary ovary as Blyxa, the origin of ovules 
there, seems to be very irregular. 

The ovule primordia are all directed towards the top of the 
ovary though they are horizontal to begin with. The hypodermal 
archesporium becomes conspicuous in these projections (Fig. 12), 
even before the initials of the integuments appear. Before the 
second integument begins to grow, the primary archesporial cell 
has already cut off a narrow parietal cell and begun to enlarge to 
prepare itself for the meiotic divisions (Fig. 13). Though in the 
majority of the Helobiales, the formation of a parietal cell is the rule, 
there are a few exceptions like Sagiitaria lancifoUa and FcJiinodorus 
rostratus {QohiLQxt, 1931). In Hydrocharitaceas the formation of a 
parietal cell occurs in Vallisneria (Eangasamy, 1934; Witmer, 1937), 
Fnalus (Kausik, 1940) and Elodea (Wylie, 1904). In Ottelia^ 
however, (Xarasimhamurthy, 1935) the archesporial cell functions 
directly as the megaspore-mother cell. Only the epidermal cells 
divide to make the mother cell deep seated. The parietal cell 
formed in Blyxa does not undergo any further division and remains 
as a single cell even in the later stages of the seed. But the fate of 
these parietal cells in other plants seems to be difierent. In Vallis- 
neria (Eangasamy, 1934; Witmer, 1937) the parietal cell undergoes 
one or two divisions, while in Bnalus (Kausik, 1940) the parietal 
cell divides first by an anticlinal division and later by periclinal 
divisions to form a regular parietal tissue at the micropylar end of 
the ovule. 

The megaspore-mother cell divides to form two cells of which 
the lower is larger than the upper (Fig. 14). The two resulting cells 
divide once again to form a linear tetrad (Fig. 15), of which the cell 
at the chalazal end forms the embryo-sac. T-shaped tetrads of 
megaspores are also seen (Fig. 16). Cases of irregular division with 
the formation of only two disorganising megaspores, instead of the 
usual three have also been noted (Fig. 17). In this connection it is 
interesting to note the formation of tetrahedral type of megaspore 
tetrads both in FaZUmem (Witmer, 1937) and Enalus (Kausik, 
1940). 

The lowermost megaspore which forms the embryo-sac enlarges 
greatly at the expense of the surrounding cells (Fig. 17). The 
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Text-figs, 11-20. Blyxa echinosperma.---Fig. 11. Pollen witli tube 
nucleus and two sperm cells ( X 800). Pig. 12. Nucellar projection with 
hypodermal single archesporial cell ( X 800). Pig. 13. Parietal cell formed 
from archesporium with M.M.C. ( X 800). Pig. 14. First Division in M.M.O. 
with parietal cell above ( X 800). Pig. 15, Linear tetrad of megaspores 
( X 800). Pig. 16. T-shaped tetrad of megaspores ( x 800). Pig. 17. Two- 
nucleate embryo-sac with two megaspores above { X 800). Pig. 18. Fully 
formed embryo-sac with a single parietal cell above (x 800). Pigs. 10-20. 
Developmetal stages of Embryo ( X 400). 

■ ' ; ,# 
disorganisation of cells does not take place uniformly all round tlie 
emlbryo-sae. The chalazal end of the sac shows the surrounding 
cells perfectly in tact. The result of this, type of development is 
the formation of a flask-shaped emhryo-sac characteristic of 
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Helobiales with, its neck directed towards the chalaza. The embryo- 
sac is of the normal eight-nucleate type. The egg apparatus con- 
sists of two synergids pointed at the apex and a longer egg. All the 
three are vacuolate. The antipodal cells are Avell formed and 
organised in the chalazal pouch of the embryo-sac. The antipodals 
persist for some time during the enlargement of the embryo, but 
they are not very conspicuous as to take part in any feeding func- 
tion. The polar nuclei remain at their respective poles for a very 
long time and migrate towards each other only just before the entry 
of the pollen tube (Fig. 18). 

The Embeto 

The oospore before division elongates in the direction of the 
chalaza. The first division in the oospore results in the formation 
of an elongated basal suspensor cell and an embryonal cell. This 
basal cell begins to enlarge in size by accumulating nutrient matter 
and persists till a very late stage (Fig. 19). It is interesting to note 
that in some of the intermediate stages of development of the 
embryo, the basal coll will be as large as the embryo itself. This 
basal cell is characteristic of the group Helobiales, being prominent 
in all genera. A pro-embryo of four cells like Vallisneria (Eanga- 
samy, 1934; Witmer, 1937), is formed (Fig. 19), before a vertical 
division in the terminal cell occurs. Intercalary divisions in the 
suspensor cells of the pro-embryo are very common. These keep 
on increasing the number of tiers in the pro-embryo. Figs. 20 and 
21, show a slightly advanced stage of the embryo, whose cells are 
formed from four tiers. The lower four cells, excluding the large 
basal cell, form the suspensor. This kind of apportioning of cells 
of the different tiers to the formation of the embryo is evident by 
(Fig. 22), which shows the massive tissue of the first and topmost tier 
going to form the cotyledon, the second tier to the plumule, tiers 
three and four to the hypocotyl, and the fifth to the radicle. This 
very well corresponds with the organisation in the embryo of 
Sagittaria (Schafiner, 1897), which can be taken as the typical 
embryo for the Helobiales. 

Whole mounts of the later embryos could easily be made and 
Fig. 23, represents one of these. This was stained with eosin and 
mounted under balsam. Here the basal cell is still prominent. 
The three suspensor cells also are discernible showing how i^ersis- 
tent they are. The suspensor does not get easily broken as in 
Vallisneria (Witmer, 1937; Eangasamy, 1934) and Sagittaria, 
(Schaffner, 1897). All the cells of the embryo get filled up with 
starch grains, making the embryo very hard and brittle. The base 
of the cotyledon forms a sheath around the plumular tip leaving 
an opening only on one side. 

The Endosperm 

The primary endosperm nucleus which is situated low in the 
embryo-sac divides earlier than the oospore at the micropylar end. 
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Thetwa daughter nuclei are separated by a thin toU, which also 
divides the emhrs'-o-sac into two chambers, the larger upper and the 
smaller lower chamber (Fig. 24). The lower chamber persists as 
such without further increase in size, whereas the nucleus of the 
upper chamber after migrating further up, divides by several free 
nuclear dmsions. This course of endosperm formation is common 

elapses between the division in oospore and the division in the 
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stages ( x 400). we*? ^<^^i'inospertna. — ^Figs. 21 - 22 . Embi'vnml 

■Fig. 24. Division in prinSry°^endos’Sr?f embryo from seed. ( x" 80) 

embryo-sac witii chaLzal chamber^S enXsneri ^ 

I? plasma membrane witbmuote^ndl^^x'®'^ *i? antipodal 

Jig. 2G. Olialazal endostierm ppTI ^^t)ryo above ( X140) 

sst' r.^s, sr.S£ 
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primary endosperm nnclens. In ValUsneria (Witmer, 1937) tlie 
divisions are simnltaneons, wliereas in Fnalus (Kansiky 1940) tlie 
primary endosperm nucleus divides earlier tlian tlie oospore. In 
(Wylie, 1904) tlie division of tlie endosperm nnclens is 
delayed until a two-celled embryo is formed. 

Tbe endosperm nuclei in tbe tipper chamber organise tbem- 
selves to form with cytoplasm a peripheral plasmatic layer without 
cell walls. This membranous layer of cytoplasm with the free 
nuclei gradually gets used up and disappears with the developing 
embryo. The lower endosperm nucleus does not take part in 
nourishing the embryo to any extent. The cell membrane formed 
during the first division of the endosperm nucleus encircles the lower 
nucleus to form a cell which (Fig. 26) presses against the lower pouch 
of the embryo-sac containing the three antipodal cells. Such struc- 
tures persist only for some time during the development of the 
embryo. A similar antipodal pouch but without the endosperm 
cell has been drawn for Ottelia (Xarasimhamurthy, 1935). 

The Seed 

The nourishment for the embryo in the embryo-sac is from (1) 
the endosperm (plasma membrane with nuclei), (2) the enlarged 
basal cell, (3) the enriched cells of the surrounding nucellus. Xo 
kind of haustorium is observed either at the chalazal end or the 
micropylar end. The embryo occupies all the space of the seed with 
the disorganisation of the entire nucellus. The outer coat of the 
seed develops spine-like projections (Fig. 29), giving an echinate 
appearance to the seed. The testa just covers the micropylar end of 
the ovule at the time of fertilisation (Fig. 27), but later it overgrows 
the micropyle to form a very long tail-like projection which is the 
longer of the two tails found on the seed. From the chalazal end 
also a similar shorter extension (Fig. 28), of the testa is found. 

OONCLTJSIOlNfS 

The microsporangium of Blyxa shares in common with those 
of Flodea (Wylie, 1905) and ValUsneria (Eangasamy, 1934 ; 
Witmer, 1937) the possession of a single wall layer, coming between 
the tapetum and the epidermis. Ottelia (Narasimhamurthy, 1935) 
however has two wall layers instead. All of them possess a well 
organised tapetum. The origin of the tapetum in Blyxa as in 
Ottelia, ValUsneria, and Flodea is from the parietal layer. The 
tapetal plasmodium is common for all these genera. 

T^ parietal cell formed in the ovule from the archesporium 
does not undergo any division either periclinal or anticlinal but 
remains as such in the mature ovule. In this respect it differs 
from those of ValUsneria, Fnalus, and Flodea, who all form a parietal 
tissue at the micropylar end of the ovule. 

The chalazal endosperm cell pressed against the pouch of the 
embryo-sac containing the antipodal cells is rather a peculiar struc- 
ture in Blyxa eehinosperma. This has been noticed in many embryo- 
sacs and thus could be stated to be of definite occurrence in the plant 
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The function of a suctorial organ is attributed to this kind of anti- 
podal end in Enalus (Kausik, 1940) and Ottelia (Narasimhamurthy, 
1935), but this cannot be said to be true of Blyxa, because the cells 
of the nucsllus below this antipodal end are not particularly rich 
in contents or in any way modified. Such pouch-like structures lie 
loose at the base of the embryo-sac without any support of tissue 
all round, the embryo-sac having enlarged at the base also later. 
The lower endosperm cell does not enlarge to indicate that it takes 
part in a feeding function. 

The embryo formation in the whole of Hydrocharitaceffi is of 
Sagittaria-tj-pe, all of them agreeing in the general prineij)le of 
development. All the genera have the large basal cell, four to five 
tiers of proembryonal cells going to form the parts of the embryo ; 
the second tier particularly forming the plumule. Intercalary 
divisions are common in all the cells of the proembryo except the 
large basal cell. It is interesting to note that the embryo of Enalus 
(Eausik, 1940) alone does not have a suspensor of even a single cell, 
in the earlier stages at least, though a suspensor of three cells is a 
common feature in the other genera Ottelia (Earasimhamurthy, 
1935), Elodea (Wylie, 1904), Vallisneria (Witmer, 1937 ; Eanga- 
samy, 1934), md Blyxa. In Emlus the enlarged basal cell abuts 
directly against the embryo feeding it much better than through a 
suspensor. 

Summary 

(1) The mucilaginous ducts are established earlier than the 
vascular system in the flower. 

(2) The male arohesporium cuts off a parietal layer which by 
periclinal division forms the tapetum. The tapetal cells are uni- 
nucleate and later form a periplasmodium. The pollen has tw'O male 
cells in addition to the tube nucleus. 

(3) The female arohesporium is single and hypodermal. It cuts 
off a parietal cell which does not divide any further. The tetrads 
are linear or T-shaped. The chalazal megaspore forms the embryo- 
sac which has the normal eight-nucleate type of development. The 
fusion of the polars is very much delayed ; even the migration 
towards each other, taking place after the entry of the pollen 
tube. 

(4) The primary endosperm nucleus divides to form a chalazal 
and a micropylar chamber of the embryo-sac. The lower chalazal 
chamber does not help in the nourishment of the embryo. 

(5) The upper chamber of the endosperm without forming cells 
develops a plasma membrane with free nuclei. This is fully used 
up by the time the embryo is half developed. 

(6) The embryo has a large basal cell and a suspensor of 
generally three cells in addition to its other parts. The method 
of development is of 8agittaria-tjpe, The embryonal cells are full 
of starch grains. 
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(7) Tlie ovules are anatropous and pointed upwards in the 
ovary. The two integuments cover up the ovule prior to the forma- 
tion of the egg-apparatus and later the outer integument by its 
abnormal growth forms a beak-like projection at the micropyle. 
The seed is echinate and has another long integumentary growth 
at the chalaza. 

In conclusion^ I have great pleasure in expressing my grateful 
thanks to Dr. M. A. Sanipathkumaran, who provided all facilities 
and helped me during the course of this investigation. 
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HIGHER FUNGI OF THE PANJAB PLAINS 

III. The Gasteromycetes 

By Sultan Ahmad, M.Sc. 

Biological Lahoraiory, Govt, College, Rohtak 

Recei ved foi' publication on November 2, 1940 

In this third paper of the series dealing with the higher fungi of 
the Panjab plains, some species which are new to science, and 
others new to this region are described. The occurrence of species 
like Queletia sp., Lyeoperdon ecMnella, Fodaxon mlyptratus^ Phello- 
rinia strobilina and Diclyophora irpicina is remarkable suggesting 
what a variety is found when even a small region is intensively 
. explored. 

The Genera Queleiia, Schizostoma and Tylostoma 

The genera QueleUa, Scliizostoma and Tylostoma form a fairly 
natural group within the family Tylostomace^ which has already 
been defined by the wniter (1939). 

The genus Queletia was proposed by Pries in 1871 with a single 
known species Queletia mirabilis FneB, Yery little is known about 
it and it is regarded as a mystery of the puff-ball world and 
as a rare and interesting plant of curious distribution and habits 
It is characterised by its large size, scaly stipe and the irregular 
breaking up of the peridium. 

The genus Sehizostoma was proposed by Ehrenberg in MS. on 
a plant collected from Equatorial Africa, and named by him SeJii- 
zostoma laceratum Ehrenb. This species has since been collected 
from California and the Panjab. As the name was pre-occupied 
by a genus of the family Cyttariacese of the Ascomycetes, it was 
transferred by Pries (1829) to Tylostoma^ as Tylostoma lacemtum, 
Lloyd (1904) on the other hand stated that the plant deserved a 
generic rank, separate from Tylostoma. 

The species {Tylostoma laeeratum) with its entirely different 
mode of dehiscence, occupies an anomalous position in the genus 
Tylostoma, all the species of which genus possess a definite mouth. 
On the other hand, it agrees with the genus Queletia in the manner 
of dehiscence and gleba characters, and differs only in the smaller 
size and the striate non-scaly stipe. 

A species of the gmm Queletia recently found as of common 
occurrence in the Pan jab plains throws additional light on the 
affinities of this genus with the genus SeMzostoma sensu Ehrenberg. 
The Pan jab species shows all gradations from smaller size and 
striate stipe/ of to the large size and scaly stipe of typical 

In fact the resemblance in some cases is so close that at 
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times it becomes difficult to clistiiignish between tlie excepting 
by gleba colour. 

From a comparatiye study of some hiiiidreds of plaiitvS found 
ill the Paiijab plains the writer finds that the affliiities of the two 
are so close to each other that they should no longer be kept 
separate. With the new species proposed below as the coiiriecting 
linkj it becomes apparent that the genus ScM^osiowia is co-geiieric 
with Queletia and the species is renamed as follows : — 

Queletia laceraimn (Ehrenbergj Comb. nov. 

Syn . SeJhUostoma laceratum Ehrenberg ; Tylostoma laceratmn 
(Ehrenb.) Pries 

A ISTew Species of QueMia 

In August 1939 a plant resembling Queletia mirahilis in size 
and mode of dehiscence was collected by the writer in sand-hills 
near Jhang. It presented several important points of difference 
from that species, which is only known from Prance, United States 
and England, growing on soil or tan bark. 

According to White (1901) the stipe in Queletia wiirahilis is 
solid and reddish brown, both within and without. The spores 
are pedicelled and coarsely warted, 5-6 /x in diameter. But Coker 
and Ooueli (1928) report that they found spores measuring iipto 
6-9 jix in diameter in Dr. HerbsPs specimens from Pennsylvania. 
The capillitium is stated to be hyaline according to Lloyd (1903) 
and the original description of Pries (quoted by Coker and Couch, 
1928), but White (1901) records it as pale yellow. 

In the Panjab plant the stipe, however, is hollow, stuffed and 
always wliite. The spores are perfectly smooth, without a pedicel 
and 4-6* 5 ]a in diameter. The capillitial threads are definitely 
coloured, only rarely pale yellow. At the same time there is nothing 
curious about the distribution of this plant as it is fairly common 
in the plains and frequents sandy soil. There seemed to be- enough 
justification therefore to consider it as a new species and the name 
Queletia Ilundkunu jywposBd fox it. 

30. Qmletia ILwidkuri Ahm 2 hi S'p. iiOY, 

Peridium globosum, aliquando irregular e, apice latiiis usque- 
ad 5 cm. latum et 3 cm. altum. Exoperidium ex arenaceo tegu- 
mento, quod dum planta surgit e terra, complete abjicitur, endo- 
peridio perfecto glabro relicto. Endoperidium sive sordido-albuin 
sive rubro-hruniieum, potius fragile, in magnas irregulaesque 
valvas prorumpens dum dehiscit. Stipes usque ad 15 cm. Ion gus 
et 2 cm. latiis, perfecte albus, rudibus squamis obductus ; cavatus 
iufarsus, sine volva, etsi in quibusdam examplis, sedraro, liabeatur 
structura aliqua vovse similis ; singulari rhizomorpha humo defixa, 
vel pluribus rhizomorphis, quibus humi particular in densam niolem 
constringuntur. Stipes habitualiter squamosus, aliquado tanien 
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sine squamis ; sqiiamj© teiines, fibrillosse vel potius rigidse., erispatge 
et fragiles. . 

• Gleba iiigro-riibida ; sporsB leves, giobovsse. vel siib-giobosse, 
diaiiietro 4-6 *5 /x. Capillitium ex filameiitis longis, ramosis, asep- 
tatis, colore pallido-fiavido, in brevia fragmenta extremitatibiis 
claiisis diruinpenB. 

Habitat. — Solitarie arenoso solo. 

Loeiis.—8m.gl& Hill ; Jliang ; Eolitak ; Leg. Sultan illmiad. 

Peridium globose, sometimes irregular, broader at tlie apex 
upto 5 cm. in diam, and 3 cm. in height. Exoperidiuni a sandy 
coat which falls away completely as the plant emerges out of the 
ground, leaving the endoperidium perfectly smooth. Endoperidium 
dirty white or reddish brown, dehiscing b3^ irregularly breaking up 
into large valves, rather fragile. 

Stipe upto 15 cm. long and 2 cm, thick, perfectly white, 
coarsely scaly ; hollow, stuffed, without any volva, very rarely a 
structure resembling it present in some specimens ; attached to the 
ground by a single thick rhizomorpli or a number of them binding the 
soil together in a thick mass. The stipe usually scaly but non-scaly 
also occur ; scales thin, fibrillose or rather stiff, curled and, fragile. 

Gleba dark brown; spores globose or sub-globose, 4-6 * 5 /x in 
diameter, smooth ; capillitium consisting of long branched, aseptate 
threads, breaking into short fragments with closed ends, coloured 
or rarely pale ^^ellow. 

Eabitat — Solitary in sandj^ soil. 

Locality. — Sangla Hill ; Jhang ; B-ohtak (Pigs. 1 and 2). 

Type. — ^Deposited in writer’s Herbarium and Herb. Cr^^pt. Ind. 
Orient, of the Imperial Agricultural Eesearch Institute, Kew Delhi. 

Calvatia Fries 

31. Calvatia lilaeina (Berk, et Mont.) Flow'd, Myc. NoteSj l: 

Lye. Aust.. 1905, 35 ; Syii. 0. cyatliiformis (Bosch.) Morgan 

Plants sub-globose to xiyriform, 5 *5 cm. in diam. and 6 cm. 
in height, attached by a short root. Exoperidiiim smooth or 
siightty seal}", cream to bay -brown, thin fragile fugacious ; endo- 
peridium brown, thin at maturity flaking away irregularly to expose 
the spore mass. Sterile base well developed, persistent, cellular, 
separating from the gleba by a definite diaphragm. Gleba at first 
compact and white becoming deep purple brown and pulverulent 
at maturity. Spores globose 5-7 fx in diameter (including the spines) 
verrucose ; capillitium of long branched septate threads, rounded 
and narrowed at the joints. There are no pits seen on the walls 
of capillitium threads even under oil immersion as are described 
by Coker and Couch (1928). 
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HaUiat . — Solitary on sandy soil. Ooinmon. 

“Giirdaspnr. 

A very widely distributed species, cliaraoterised by deep purple 
brown colour of the gleba, presence of diaphragm and vernicose 
spores. 

(Totirn.) Pers. 

32. Ly coper don eehinella (Pat.) Comb. Nov. 

Syn. Bovista eehinella Bull, Soc. 3Iye, Fr.^ 1891, 7, 165 ; 

Bovistella eeJiinella (Pat.) Lloyd, Mye. TFn^., 1906, 2, 262 

Peridium globose or sub-globose, 0*5-1 cm. in diam. and upto 

0 *7 cm. in height, attached to the ground by a very short mycelial 
base. Exoperidium furfiiraceous, peeling off partially and leaving 
the endoperidium smooth. Endoperidium yellowish or bay-brown, 
opening by a small torn apical aperture. Bterilo base absent. 

Gleba olivaceous ; capillitiiim of long sparsely branched, very 
rarely septate threads 2 *25-4 *5 /x in diameter; spores globose 
4 *5-5 *2/11 in diam,; pedicellate, pedicel acuminate upto 6 *5 ft in 
length, very slightly tinted ; epispore yellowish brown, sinooth. 

Habitat . — Solitary on the ground among patches of Funaria 
hygrometrica Rare. 

£oeaZ%.— Ladhar, Sheiklmpura. 

A very small and rare species of Lyooperdon characterised by 
small size, smooth pedicellate spores and absence of sterile base. 

It was originally described as Bovista ecMnella by Patouillard 
(1891) but was later transferred to the genus Bovistella by IJoyd 
(1906) on account of its having a wmll-developed rooting base, 
the only character which separates the genus Bovistella from 
Bovista. 

As defined by Lloyd (1906 &) the gmiiB Bovistella includes all 
the puff-balls with pedicellate spores and a well- developed rooting 
base. But as understood at present it includes only those species 
which have the capillitium of short separate threads (Sections 

1 and III of Lloyd), while those having capillitium of long inter- 
twined threads (Sections II and IV of Lloyd) are now put in the 
genus Lyeoperdon. 

The present species has the typical capillitium of the Lyeoperdon 
type and is accordingly referred to that genus. It is a widely 
distributed species and has been recorded from Ecuador, Jamaica, 
Mexico, Michigan, Washington and Eurox)e. It is very close to 
Lyeoperdon iraelvyspora (Lloyd) described from India, from which 
it only differs in haying smooth spores (markedlv tuberculate in 
that species). 
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Podaxon (Desvaux) Fries'^ 

A curious growing on tlie mud roof of a liouse was 

collected in tlie Panjab plains in August 1934. It w'as growing 
within tlie mud and its presence could be made out due to the 
swelling and cracking of the ground above it. Specimens vrere sent 
to Dr. Coker of the Korth Carolina University, who remarked 
this is a very interesting plant and does not fit anything we 
can find, particularly as you say it is subterranean throughout 
its life. It seems certainly near Podaxon, but all species of that 
genus are stalked and above ground when ripe ’h 

Since then tw^o more plants have come to light from the same 
locality, one of which is young and the other fully ripe. These 
resembled the original |)] ant perfectly in the subterranean habit 
and in the total absence of stipe. The plant difiers only in its 
habit from the genus Podaxon and may be an anomalous form 
of some otlier species. The peculiarity may be associated wdth the 
peculiar habitat of the plant. 

33. Podaxon suhterraneum f S. Ahmad, Sp. nov. 

Peridio oblongo-depressuni 6 x 9 cm., squamulis albidus ; 
irregifinrita dohisceiite ; stipes brevis nodosus. Gleba prope niger ; 
spoils globosis vel latus ellipticus, 7 *2~12 vel 10 -5-13 *5 /x, rubi- 
cnndus vel fuscus, levibus ; capillitio panels, pallido flavido. 

Hahit, — Subterraneus. 

Locus, — Ladhar, Sheikhupura. 

Peridiiim compressed, oblong, 6x9 cm. Exoperidium of small 
white scales ; endoperidium in the ripe specimen dark browm, 
tough, covered with debris, opening by an irregular rupture. Stipe 
practically absent, merely a knob-like outgrowth at the base, 
traversing the gleba as a percurrent columella. 

Gleba almost black; spores globose or broadly elliptic, 7*2-12 
or 10 *5-13* 5 /X, ei)isx)ore thick, reddish brown or dark coloured, 
smooth, with an apical germ pore; capillitium of few pale yello-w 
threads. 


Some doubt has been expressed about the adoption of the generic 
name Podaxon instead of Podaxis. The name Podaxis as proposed by 
Desvaux is of an earlier date, and Massee restored it in 1890, not caring 
for the grammatical inaccuracy pointed out by Fries wdio on this account 
had previously changed it to Podaxon, Massee (1890) says that a “ generic 
name is only of symbolic value, it is best to adhere to the original symbol, 
whereby avoiding the inevitable complication following any tampering 
with the original name ”. More recently Fischer (1933) has also adopted 
the name Podaxis, hut the writer prefers to follow Cunningham (1932) 
who cites both Desvaux and Fries as authorities, retaining at the same 
time the grammatically correct name Podaojon. Due to oversight the 
writer in the earlier paper failed to cite Desvaux’s name along with that 
of Fries. , . 
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Habit. — Subterranean. 

Locality.— Ld^dh^bV^ Slieikliupura. 

Deposited in Herb. Crypt. Ind.^ Orient, of tlie Iniperial 
Agricultural Eesearch Institutej New Delhi. 

34. Fodaccon calyptratus Fries, Syst. 3Iye.y 1832, 3, 63. 

Syn. P. loandemis Welwitsch and Ourrey (1868) ; 

F. amkt {Bo^di.) Massee (1890) ; P. Iluelleri P. Henri.; 

P. GoUani B. Henn. § 

Closely resembles Fodaxon pistiUaris, a very common plant in 
the PanJab plains, in form and habit. The olivaceous or black 
colour of the gleba of this species presents a marked contrast with 
the reddish brown colour of the other one. Gleba very fragile, 
consisting of a mass of spores with a very scanty capillitiimi. GapiP 
litium hyaline, sparsely septate and rarely branched threads. 
Spores globose or obovate, upto 9* 0-15* 5 fi ; epispore thick, chest- 
nut brown, smooth, perforate apically and with or without a basal 
hyaline pedicel. 

Solitary in sandy soil. Common. 

Locality.— 'Rdhtdk.. 

The species is characterised by the olivaceous or dark coloured 
fragile gleba, and practical absence of capillitium which consists of 
hyaline threads. 

35. PMfomim (Kalchbr.) 

Ealchhr. & Glee. Grev., 1880, 9, 4 

Plants may vary from 4*5-15 cm. in total height ; the peridium 
from 2*6~6 cm. in height and 0*8-4 cm. in diam.; while the stipe 
may range from 2-8 cm, in length and 0*8-4 cm. in diam. Exo- 
peridium in the form of large thick pyramidal warts, the only 
feature which separates it from P. inquinans. 

Gleba with persistent fascicles of basidia; pale yellow, to 
brown; spores globose, a few ellipsoidal, sometiines with a short 
hyaline pedicel, pale yellow under the oil immersion, 5-7 *5 ju, in 
diam. covered with flat topped coarse warts which give a retieuiate 
appearance. 

PaMM.— Solitary or in groups in sandy soil. Sometimes two 
plants are seen growing from the same rhi7.omorph. Common. 

Locality. — Eohtak. 


§ Fodaxon was described by P. Hennings (1901) from speci- 

mens collected by Wm. Gollan at the Saharanpur Botanical Garden, India. 
The specimens were mostly unripe, and as pointed out bv the author were 
closely allied to P. careinomalis. 

.According to Ciirmiagham (1932) the description agrees closely with 
that 01 i , calyptratuSf with which it is probably synonynious. 
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The plant was extensively collected in all stages of develop- 
ment in Eohtak in July 1939 by the writer^s students. As the 
plants were not carefully gathered, none of them showed the charac- 
teristic scales which readily separate it from the closely allied 
species, Pliellorinia inquinans and was erroneously referred to that 
species by the writer (1939). 

The specimens collected by the writer in March 1940 from 
the same locality leave no doubt thal they belong to Fhellonnia 
strobilina^ which as Cunningham points out differs from P. inquinans 
‘^in the much larger size of the plants and the nature of the 
exoperidium, which is covered with large, thick, pyramidal, per- 
sistent, zoned scales h The Panjab plant is found to be very 
variable as to size, and the scales which are not persistent but 
sooner or later fall off, exposing the smooth white endoperidiuni. 

36. Didyofliora irpieina PatouilL, Btilh Soc, 3Iye, France^ 
1898, 14/ 190 ; Dietyophora merulina Berk.; 

Glautriama merulina (Berk.) Lloyd 

A common species in Java, Sumatra and Ceylon, but so far 
the Indian record is based on a stray specimen collected by 
Eev. E. J. Blatter from Panchgani, Bombay and reported by 
Narsimhan (1932). 

It was erroneously referred to ItajaMa galerieulata in an earlier 
paper by the writer (1940). The pileus surface is strongly folded 
and convolute and is not in the from of plates as in ItajaMa ; this 
being the only difference in the two plants. 

The plant has so far been collected from Eohtak and Sangla 
Hill. The Eohtak specimens are very large and in abnormal 
specimens two plants are seen emerging out of a common volva. 
Sections reveal a well-developed primordial tissue between the 
stem and the pileus. In specimens from Sangia Hill on the other 
hand this primordial tissue is totally absent. 

The plants from the two localities also differ as to habitat. 
The Eohtak plants are buried in sand while young, but the Sangla 
specimens grow on rich humus soil under Salvadora trees. 

A veil is found in several specimens as a thin transparent 
membrane hanging from under the pileus and also attached to the 
stem here and there, but the indusium is never found in any plant. 

Tylostoyna volvulatum Borsch, is a very common plant of wide 
distribution, found in North Africa, Central Asia and Central 
Europe. The writer (1939) has reported it from the Panjab plains, 
but it has since been found to be of very common occurrence 
especially in sandy wastes round about Eohtak, At the same time 
the writer has found it to be a very variable species. The writer 
thinks it advisable to supplement the description already presented. 
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4^ Periclium globose or depressed globose^ l-2“5*2 cm. in diain. 
and 0*7-2 *6 cm. in height; exoperidiam a sandy case Imio. in 
thickness, composed of sand particles and hyph«, falling at iiiatiiritj 
leaving some sand particles attached to the endoperidiiim, which 
also fall in course of time, leaving the endoperidiiim smooth. If 
yourig specimens are unearthed, the exoperidiunv exhibits a fliiify 
white mycelial outgrowth ; the threads forming it grow' over the 
sand particles and entangle them to form the sandy coat. Endo- 
peridium pure -white or light chocolate in colour, opening by a 
definite circular mouth bounded by a slightly raised margin, or by 
a slightly raised irregular rupture which in nature becomes an, 
elongated or perfectly circular opening. Generally there is a soli- 
tary mouth, but sometimes as many as 5 may be seen. 

Stipe 0-15 cm. in length and 0*4-1 *8 cm. in diaiii., curved, 
straight or tortuose ; smooth, striate or broken into few very large 
caducous scales, stufed, wliite in colour uniform or tapering to the 
base, with a very large volva at the base, upto 2 *5 cm. in diarn., 
attached to the ground by a branching root cord from 0*6-1 *2 cm. 
in thickness and several centimetres in length. Gleba characters 
as already described ; characterised by the coloured capillitiiim and 
smooth spores.” 

In the light of variations recorded above, one can confirm 
Lloyd’s statement (1906 a) that Tylostoma volvulatmrij T, mneri- 
mnmn and T. emspitosum are very close to each other and may 
be safely regarded as the forms of the same species The Pan jab 
plant is typical T. 'volmilatum, as it has the same coloured caifilli- 
tium., solitary irregular or elongated mouth and smooth spores. It 
approaches T, americanum in size, smooth spores and occasionally 
possessing several mouths. It differs from T. ' €(Bspitosmn only in 
the coloured stipe and rough spores characters wiiich vary evem in 
the same species. 
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Pig. 1. Queletia Mundkuri — Specimen from Jhang. (Nat. size) 

Pig. 2. Queletia Mundkuri- — Specimen from Rohtak. (Nat. size) 
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A PLEA FOR BETTER CO-ORDINATION OF 
BOTANICAL WORK IN INDIA‘S 

By H. Chaubhuri, B.Sc,, Lonboin^, Ph.B.j D.I.C. 

Head of the Department of Uriwersitij Teaching in Boianij^ 
and Director, Kashgap Mesearch Zahoraiorg, 

Panjab Universitg, Lahore 

Ik Ms Presidential Address at the Madras meeting last year, 
Eai Baliadiir Professor K. C. Mehta suggested that we should taue up 
without delay some if not all the line of work that remains un- 
touched so far’ ^ Among other things, he suggested the appoint- 
ment of nine Standing Subject Committees and three Begioiial Com- 
mittees. I considered many of these suggestions important and 
practical and I have tried to give effect to some of these. You 
know, I have sent resolutions for incorporating new rules which you 
will be asked to consider to-day. I have proposed the appointment 
of the following sub-committees for the present, viz. 

{a) PhytosGciology and Plant Physiology Sub-committee, 

(b) Plant Genetics Sub-committee, 

(g) Phytopathology Sub-committee, and 
(d) Economic and Industrial Sub-committee. 

Each sub-committee is to have its own Secretary and 2~3 mem- 
bers with power to co-opt more whenever necessary. These sub- 
committees will periodically bring to the notice of the members, 
through the pages of our Journal, the published wBik, as well as 
reports of work in progress b^^ workers in this country. They shall 
also publish very brief review^s of important literature published 
abroad, specially on newer lines of research and technique and also 
establish contact with foreign societies. For instance the Sub-com- 
mittee on Phytosociology and Plant Physiology will establish con- 
tact with the British Ecological Society, American Ecological 
Society, International Association of Phytosoeiology, American 
Society of Plant Physiologists and such other societies in foreign 
land and supply information to the members on mapping of vegeta- 
tion and other ecological and physiological matters. The Economic 
and Industrial Sub-committee, besides other functions, will bring 
to the notice of the proper authorities, may be Government or State 
or Private persons or Companies, researches of commercial and 
industrial importance. The members of this Sub-commitee will 
take note of researches of potentia] monetary value, and research 
workers also will bring to their notice any result likely to be useful. 
When this Sub-committee functions properly, Industrialists will no 


Presidential Address, Indian Botanical Society, Twentieth Annual 
Meeting, Benares, January 3, 1941. 



146 


H. GHAUBHUBI 


doubt approach them for the solution of any problem requiring the 
knowledge of any special branch ot Botany. Instead of Eegional 
Branches. I have" proposed amendment of our rules so as to provide 
for local branches at different centres of learning and for affiliating 
societies having similar aims and objects to those of our Society. 
Holding of meetings of members from different centres of a regional 
branch even once or twice during the year will not be a feasible one, 
but if local branches were started with six or more mem.bers of the 
parent society and if these branches were given the right to enroll 
local student members at a nominal fee to meet the cost of expenses 
of the local branch, more meetings could be held which would no 
doubt interest more people in the work of the Society. Activities 
of these branches will he published in the Journal of our Society. 

By affiliating other societies having similar aims and objects 
to those of ours, we shall be . helping each other. We shall bring 
to the notice of the botanists in different parts of India and abroad 
through the pages of our Journal the work done by them. We shall 
have no control over the management of the affiliated societies. 
I have suggested that they shall pay Es. 25 as affiliation fee and 
receive 2 copies of our Journal free, or if you so decide, they shall 
pay only a nominal fee of Es. 5 p.a. for affiliation. All activities of 
these societies will be published in the pages of our Journal. 

I have no doubt you will give the best consideration to the 
above proposals. 

For the advancement of Botany not only work on co-operative 
lines has to be taken up in every field of botanical studies and 
research but effort has to be made to unite the various Botanical 
interests. For this purpose, and also to prevent wastage of time 
and energy, our work has to be properly planned and this could 
only be done by small sub-committees. In this Address, I intend 
to lay great emphasis on co-operation, collaboration and co- 
ordination in scientific work. 

Oo-operation in the field of scientific work is very important. 
I have as a researcher felt this lack of co-operation very much. I am 
not complaining of lack of co-operation between individual workers 
in a place or between workers in one . University and another but 
between workers in the Government departments and workers out- 
side it, to the great detriment of progress of scientific research in this 
country. I shall make this point clear by referring to some con- 
crete cases of which I have got personal experience. Many of yon 
are no doubt aware of the existence of a Board of Agriculture and 
Animal Husbandry, which has a “ Crops and Soils Wing”. Meet- 
ings of this Wing are arranged in alternate years by the imperial 
Coimoil of Agricultural Eesearch and scientific papers are read and 
discussed ; but these meetings are practically confined to the workers 
in the Government Agricultural Department. Once in a letter to 
the Agricultural Commissioner, I wrote “ I expected the I.O.A.E. 
to invite workers in the University to take part in these meetings! 
After all, the research of Agricultural importance is not confined 
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witMn tlie precincts of the Agricultural departments either in this 
country or abroad. Work of- far-reaching agricultural iiiiportaiice 
has been done b^’ the workers in the Uniyersities and 3^11 will agree 
that even in this country it is desirable to bring our work to the 
notice of the agriculturist and other agricultural research workers. 
The I.C.A.E. should give us the same facilities as are given to, the 
workers in the agricultural departments in this respect.’' So far 
as University workers are concerned,” the Agricultural Ooniniissioner 
in his reply informed me, “the procedure followed has been to 
invite to the Crops and Soils Wing, 

(i) those workers who are nominated by the Inter-University 
Board in accordance with the constitution of the Wing as laid down 
by the Government, and 

(ii) particular individuals invited to take the lead in a debate 

on a particular subject in which thej" happen to be specialists. ” 
He further added, “ When the Crops and Soils Wing meeting is 
held awaj^ from Delhi and in a University town, then workers of 
the local University are often invited to join the Wing as you were 
at the Lahore meeting.” Perhaps in manj^ of the aspects discussed 
at the Crops and Soils meetings, more work is being done in the 
different Universities in India, and these workers would very much 
like to bring to the notice of the Crops and Soils Wing their work 
and also take part in the deliberations ; but this is being prevented 
on account of the narrow outlook of the authorities who cannot 
realize that they are thereby hampering the progress of 
the science and the real interest of our country. Uot only was 
my very legitimate request to be present and communicate papers 
turned down, but even the request for a copj^ of the draft Proceed- 
ings of the with abstracts of the papers read and discussed 

was refused. The Agricultural Commissioner wrote “ As you are 
not a member of the Crops and Soils Wing of the Board of Agri- 
culture and Animal Husbandry, 1939, it is not possible to send 
you a copy of the draft proceedings,” but lie kindly added “ The 
printed proceedings will , of course be available as a priced publi- 
cation for any one who desires to purchase it”. So even this little 
co-operation and courtesy to a scientific worker doing similar kind 
of work are denied. It will be for the benefit of the workers both 
in the Government Agricultural Department and in the University 
to know each other’s work and discuss matters on a common 
platform. It is needless to emphasise that manj^ aspects of the 
problems discussed at the Wing meetings are receiving particular 
attention from the University workers. If these workers are asked 
to bring their points of view to the notice of the Wing, much benefit 
would accrue to all concerned. A little departure from the official 
routine would do no harm. 

In the 1937 Crops and Soils Wing meetmg at Lahore, which 
I attended by invitation, I sent a notice that I wanted to move 
a resolution to the effect that the workers in the Universities should 
have the same opportunity as other workers in the Government 
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Agricultural Departments to bring their work to the notice oi the 
Conterenc'e. I was informed in reply, “ I do not think the resolu- 
tion 3 '’ou mention is necessary. We welcome all speaker>s and the 
University representatives or visitors are very welcome to give us 
the help of their advice,” but actually the position seems to have 
worsened since then. 

In the early days of the I.O.A.E., I undertook an investigation 
of certain Citrus diseases in a scheme financed by them. I thiid-c 
it was one of the very few schemes which were completed within 
the scheduled time proposed when the scheme was first submitted. 
When the result of the investigation was published and I returned 
the equipments purchased with their money, the I.C. A.E. demanded 
the slides of the sections from which I had made drawings in the 
publication. This I was loth to do. I maintained that the slides 
were like the manuscript of my paper, and so must remain mth 
me. I had to get the opinions of scientists from all parts of the 
world on this poiuu to convince the authorities that those slides 
should remain with me rather than with anybody else. 

Even in the matter of publication of scientific articles my 
experience of the I.C.A.E. is not a happy one. Several years back 
I sent a report on samples of soil and water from the paddy fields 
of Bengal. As the samples had been sent to me by the I.C.A.E., 
I asked permission to publish the same in some journal as I consi- 
dered it interesting. The paper, however, was accepted for publi- 
cation by the I.C.A.E. Several months later, I received a reprint 
of a paper on the same subject by a chemist who had got qxute 
a different result from mine with an enclosed letter from the 
I.C.A.E., requesting me that in view of the above paper, I should 
not press for the publication of my paper. I was in England at 
that time. When I returned, I searched for my original manu- 
script, but I could not find the same. Eecently, however, I found 
it, and some of you might have read my note on the Nitrogen 
fixation in the Eice-field soils of Bengal, in the June issue of 
‘ Nature ’ last year. 

You are no doubt aware of the important investigations on the 
epiphytoties of rust on wheat in the plains of India carried out by 
Prof. Mehta of Agra College. In a symposium on rust problems 
in India led by Prof. Mehta just three years back at the Jubilee 
session of the Indian Science Congress at Calcutta, Prof. A. H. E. 
Buller, P.E.s., of Manitoba, who took part said, “ All these recom- 
mendations seem to me to he wise and practical and I trust the 
Government will see its way to carry them out particularly No. 2, 
which would mean the supression of wheat crop which is grown 
on only about 2000 acres.” The recommendation No. 2 read, 
“that in the Nilgiri and Palni Hills the first crop of wheat now 
sown during April- June should not be sown at all, hut should he 
replaced by some other crop.” I said in that discussion, “ It seems 
very important to me that Government should as a test-measure 
carry out Professor Mehta’s suggestion for a couple of years in the 
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Palni and Mlgiri centres. If snccessful, tlie amount of saving ■will 
amount to several million rupees. It should not do to stop 
vdtli a scientific report.’’ But I anl afraid it is going to be a mere 
report now. Tliougb loss due to rusts amounts to nearly six crores 
of rupees annually, it is a pity that some more money could not 
be provided to test this recommendation under Prof. Mehta’s 
direction though eminent scientists thought it sound and practical. 
I cannot help feeling that if on the Advisory Board, a larger number 
of University representatives were present, they would certainly 
recommend the testing of this measure. There is no end of such 
instances of narrow scientific outlook. Last year one of my research 
students was working on certain aspects of vernalization of linseed 
plants. It so happened that there was an einphytotic of rust pn 
linseed that year and it was noticed in our experimental plots that 
the iiitensity of the epiphytotics inversely decreased with the 
length of pre-sowing cold treatment. The plants which had been 
exposed for the longest period escaped the disease altogether. 
I published a note on the same and sent it to the Agricultural 
Commissioner enquiring if the I.C.A.E. would favour a scheme on 
the effect of vernalization on disease resistance. I considered the 
investigation was likely to yield very valuable results. But the 
reply was We are already financing one scheme which is dealing 
with vernalization and I do not think the Advisory Board would 
be willing to consider another at present.” So vernalization was 
vernalization, it did not matter for them whether it was an investi- 
gation on this crop or that crop, whether for the plains or hills, 
whether stimulating vegetative activity or flow^ering, whether 
disease resistance or frost resistance. Their duty was done. One 
investigation on vernalization had been encouraged ! We should 
see that this kind of attitude is changed. 

Eegarding schemes submitted by the University wmrkers, 
I am told, All schemes receive very careful scrutiny and Univer- 
sity schemes are, if treated more tenderly than those 

coming from Governments or States.” I wish it were so. But 
I have found that a University scheme passed by the Provincial 
Eesearcli Council after it had been recommended by the special 
sub-committee of the Council and forwarded to the I.C.A.E., when 
it came before their relevant sub-committee, the author of the 
scheme was invited to come up to Simla to explain his scheme 
at Ms otvn cost if he liked. Since the scheme wm not to benefit 
the author personally in anyway, the invitation to attend at Ms 
own cost w^as refused, and there was no one to explain a very 
technical scheme for the benefit of the members. Government and 
State-schemes bad their representatives, and very often the authors 
attended at Governmeut expense to explain and advise. I wonder 
if this w^as the more tender treatment referred to above. 

Many of the schemes, sanctioned and financed by the Govern- 
ment, I think, will not lead to any tangible result and should not 
have got through but for the present constitution and the proce- 
dure followed. I would suggest to the authorities that when schemes 
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are received by the LO.i.E. ' a copy of tlie same, relating to 
Botanical matters, may be sent to the Secretary, Indian Botanical 
Society, who would forward the same to tlie Secretary of the rele- 
vant sub-committee that yon are being asked to appoint to-day. 
The Secretary of the particular snb-committee will^ circulate the 
same to its members and forward their recommendation duly. We 
must also try to get representation on the I.C.A.E. committees 
for Botany—applied or pure. Happily we have amongst our 
members, people from all spheres and , specialists in, different 
branches. We could easily s.end representatives by rotation. ' 

Authorities in the Government, who .a.re responsible for selec- 
tion of subjects for the various competitive examinations conducted 
by the Federal Public Service Examination, are not favourably 
disposed towards the biologiacl sciences. Subjects like Botany and 
Zoology, which were introduced for the first time in the I.A.A.S. 
and other joint competitive examinations ir 1931, were taken out 
of the list in 1934, because “of difficulty of arranging for such 
large number of optional ’ subjects, ” and during the two years 
these subjects were included in the' list, every year one or more 
of oui’ students successfully competed. Two of them now, I under- 
stand, , are' working as tJnder-SecretarieS' in the Government of 
India. This deletion of the biological sciences from the list has 
affected our subjects very adversely. The best boys will naturally 
think of entering for the competitive examinations, and these 
subjects being ruled out, they do not take up these subjects any 
more. This callous indifference towards the biological sciences 
has got to be stopped. We, in the Panjab, have taken up the 
matter again, and I hope you will also press for the inclusion of 
these subjects. The importance of these subjects must be recog- 
nked. I consider no culture complete without the fundamental 
knowledge of biology. 

I shall now' deal oriefiy with some of the Eesearch institutions 
relating fully or partly to Botanical Sciences and maintained by 
the Government of India. Here may be included 

(1) the Imperial Agricultural Eesearch Institute at Hew 

with suh-stations at different places, 

(2) Indian Forest Eesearch Institute and College, Debra Dun, 

(3) Industrial Section of the Botanical Survey of India, 

Calcutta, 

(4) The Eoyal Botanical Gardens, Sibpur, Howrah, and 

(5) The Imimrial Sugarcane Station, Coimbatore. 

I think the w'ork, in some of these institutions, is going on in 
a stereotyped fashion. I realize the limitation of research grant 
and staff in many cases, making it diffieult to enlarge ^ t^ activities 
of these establisbmeiits in the present order of tM I am of 

opinion that if the principle of co-operation and collaboration with 
the Universities w-ere accepted and established and the research 
work properly co-oruinated, the output of useful work could bo 
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increased considerabty. For this I -would suggest the creation of 
Advisory Committees with each of these posts under the Govern- 
ment of India,'. For instance at the Imperial Agricultural Eeseareh 
InstitutCj hTew Delhi, an advisory committee with the Imperial 
Botanist as the convener and another with the Imperial Mycologist 
as the convener may be formed. Hot more than 5 or 6 members 
should be on each committee and the I.B.B. and workers of the 
Universities will be represented on these committees, 

A great deal of valuable research work on Cytology is being 
done ill the Universities, but the time has come to consider seriously 
whether a little more utilitarian bias would not be all to the good". 
The Imperial Botanist is breeding new crops and is also in touch 
with the Government workers in the Provinces doing similar work. 
The breeder, we know, must have the guidance of the cytologist 
whose microscopical analysis will indicate the number of chromo- 
somes in the cells of the various parent plants, and the general 
behaviour between the chromosomes to be mated in the distant 
crossing. It is not possible either for the Imperial Botanist or the 
Provincial Agricultural Botanist to study the cytogenetics of all 
the plants raised. The advisorj^ committee will see that extra 
material is distributed to the workers in the Universities and private 
research institutes. They will advise and arrange for new lines of 
work and work of xill-India importance. Wlieiiever team work is 
required in which workers from different parts of India will be 
needed, instead of limiting the choice of workers to the agricultural 
departments only, they could arrange for such team work by 
taking workers from every sphere and recommend financial help 
if necessary. The same may be said about the Imperial Mycologist’s 
department. Much systematic work on Indian Fungi yet remains 
to be done. An idea of this may be bad if we look at the Supple- 
ment I to Fungi of India in which out of a little over 500 species 
listed, very nearly 300 have been recorded and published by 
workers in my laboratory, and I cannot say we have touched even 
the fringe of the work that remains yet to be done from the Panjab. 
The Committee, if appointed, could easily arrange for working 
tables for research workers, who could be sent to the Agricultui‘al 
Eeseareh Institute at Delhi to compare' and complete this sj^stem- 
atic work. Provision for two tables which could be reserved for 
15 days at a time could easily be made, so that annually 24 people 
could work there. We want more co-operation, and the work has 
to be co-ordinated. 

At one time, there used to he held at Pusa, a conference of 
mycological woiAers from all parts of India in which both Govern- 
ment and non-Government people participated. This conference 
should be revived. At such conferences results of the work done 


i =5' I am thankful to Dr. Padwick, the Imperial Mycolog’st. for the in- 

oimatioii tlmt tins is already in force and that research woikers from all 
parts of the country are given the best available facilities for work there. 
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at different centres could be correlated and plans for the following 

year prepared. 

Tbe Botanist and the Mycologist at the Forest Besearch Insti- 
tute at Dehra Dun, could also enlarge their sphere of work by 
estahlisluiig contact with workers in- the UnlTersi aes. I am not 
trying to belittle the very useful and important contributions made 
by the Forest Botanist, specially on lorest Ecology and by the 
Mycologist, specially in establishing the alternate hosts oi rusts of 
the forest plants and thereby removing many obscurities. We 
are very grateful to them. But their departments are either one 
or two-men departments, and certainly much more work could be 
done by properly harnessing the resources, both in men and 
materials, in the TJniversities. While talking of the Forest Eedearch 
Institute, I must also pay tribute to the Wood Technologist there 
for the excellent and important work now being done by him. 

The Indian Botanical Survey is now practically defunct, but 
I see no reason why survey work should not continue and that 
better than before if carried on a regional basis. We have now 
in the Universities and Colleges men trained in this country and 
abroad, who could take up the systematic study of the higher 
plants with credit. A certain amount of financial help will have 
to be given in some eases and herbarium sheets will have to be 
loaned out ; otherwise facilities have to be given to the workers 
to work, in the Herbarium of the Boyal Botanic Garden, without 
any interference. This work will be arranged by the Garden 
Advisory Committee, who will distribute the work on a regional 
basis to trained workers in different parts of the country. If this 
is done, we shall have not only a complete revised flora of India 
on regional basis but also the Herbarium will be very much 
enriched. In this way a JTation&l Herberiiim for India as 
envisaged by Prof. S. P. Agharkar in his opening remarks on a 
.discussion on this subject in the Science Congress Jubilee Session 
could be built up. All this will he done at a very nominal expense 
by proper eo-operation, collaboration and co-ordination. Our 
country is like a vast continent. There are room and need for many 
more workers. The Advisory Committee on which the I.B.S. wlil 
be rex^resented will also see that whole-time men in the Herbarium 
devote their energy to revision of families and study of mw plants 
belonging to the higher groups of plants for wdiich the herbarium 
is reputed and not dissipate their energy by dabbling in every 
branch of plant-life. After all we have a very limited number of 
men in these departments, and they must fully utilize the facilities 
afforded them. Here I must acknowledge the important work 
done by the new Curator of the Herbarium in bringing out A 
Bevision of the LabiatcB of the Indian Empire ’ ’ . This is an important 
contribution, and there is need for such revision of other families 
and genera. The Boyal Botanic Garden Herbarium is primarily 
a herbarium for higher plants and the vast material there %viil 
provide work for scores of systematic workers for many years to 
come. Any attempt to make it a repository for all kinds of plants 
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would be futile and sliould be deprecated. If I liaYe a polypore 
to name j I shall send the same to Professor S. E. Bose ah the 
Carmaichael Medical College, Calcutta. I suppose others in this 
country will do the same. Similarlj" perhaps if any Himalayan 
Liverwort has to be compared and named, it will be sent to the 
Panjab University Botanical Herbarium as is done now from all 
quarters. As long as described plants are kept in properly looked 
after herbariums, and are available for consultation why should 
one worry which herbarium' it is % If the principle of co-operation, 
and if necessary, collaboration -with University workers which I am 
advocating had been followed, a new edition of Prain’s Bengal 
Plants would have seen the light many years back: It is a pity 
that no uptodate flora should be available to the Bengal Botanists. 

The officer-in-charge of the Industrial Section of the Botanical 
Survey of India has brought out useful catalogues of Medicinal 
Plant Exhibits and of Spice and Fodder Plant Exhibits in the 
Industrial Section of the Indian Museum. He has also published 
useful handy notes regarding a number of Indian Medicinal plants. 
But unfortunately his is also practically a one-man department. 
If there were an advisory committee here too, more work could 
be aiTanged on co-operative basis and the whole co-ordinated. 
The Imperial Sugarcane Eesearch Station at Coimbatore is no 
doubt doing valuable work, but the same suggestions as I have 
made in the case of the Imperial Botanist are applicable here. 
The recent decision to add a sugarcane physiologist on the staff 
there is a welcome one. 

Advisory Committees are very helpful for proper planning 
and co-ordination. The Indian Botanical Society must press for 
the appointment of advisory committees. The Director of the 
newly created Scientiflc and Industrial Eesearch Bureau has already 
shown how much more wmrk could be done, if specialist sub-com- 
mittees were appointed for advisory purposes and for giving direc- 
tions. The Director has already encouraged many research schemes 
in collaboration wdth the University and while making a Compil- 
ation of Annual List of Industrial Eesearches in India” he is taking 
into account the researches carried out or in progress at the various 
University and College laboratories which had not been done 
before. “ The Indian Central Jute Committee in its meeting last 
September decided on the policy of collaboration with the Univer- 
sities of Calcutta and Dacca and to co-opt some professors of these 
Universities on its technological and agricultural sub-committees. 
The immediate objects of collaboration were stated to be primarily 
twofold. First the committee thought that the University 
scientists, man^^ of whom were perhaps working on similar lines, 
might offer valuable advice on the work that was being done in 
the Committee’s Eesearch sections. Even if this immediate work 
might be different from the investigations that were being under- 
taken by the different technical sections of the committee, they 
felt that their familiarity with the basic scientific methods and 
processes might be of considerable help and value to the committee’s 
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researeii' workers. Secondly , tke Committee "were ineliiied to think 
that the UiiiversitieSj on their part, could also further their aims 
and objects by undertaking fundanientah research on. a imrnber of 
subjects for which there was not, and indeed could not be, any 
room in the programmes of work laid down for the different sections 
of the committee. Such fundamental investigahion rnight ^lead 
to results of far-reaching consequence which might be of a, biding 
benefit to the jute industry of this country.’’ I have quoted the 
above from a Press report of the meeting, as it appeared to me 
like a very bright silver lining in the black cloud of mistrust and 
isolationism. It is very encouraging indeed. I do hope the Presi- 
dent of the Central Cotton Committee who is the Vice-Chairman 
of the I.C.A.E. -will bring his liberal and healthy outlook to the 
affairs of the latter body as well, and give the ITiiiversity workers 
their rightful place in the work for the good of the country. The 
same policy should be followed in cotton, wheat and tea research 
schemes. Among other Government departments, the Indian 
Geological Survey has been co-operating with Prof. Salmi by sending 
out Museum specimens and in other ways, and I am happy to find 
that Prof. Salmi from the University, is co-ordinating the palam- 
botanical research in India. 

The proposal for starting a Marine Biological Station at 
Krussadi, I remember, was discussed at a meeting of the I.B.S. 
Last year the Indian Science Congress took up the matter and 
a committee has since then been appointed which will discuss the 
proposals received at the present session of the Science Congress. 
The proposal is to start the first station at the Krussadi Island. 
A local committee appointed for this purpose that met at Madras 
thought that to make a useful start, a non-recurring expenditure 
of Es. 40,000 and a recurring one of Es. 5,000 was required. If 
these sums arc available, well and good, but I think much useful 
work on many aspects of marine-biology could be done if onij 
facilities for occupying existing accommodation were obtained. 
Por us in the Punjab, the nearest coast is that at Karachi, and ■'we 
have been fortunate in past years in getting permission to occupy 
the military huts at Manora Island at Karachi, and much useful 
work has been done by the Zoologists and Botanists on Marine 
Pauna and Plora. We have very recently brought out Part I of 
the Marine Algfe from Karachi in which the ecological study of the 
plants has not been neglected. Similarly for the study of the plants 
of higher altitude temporary Mil-laboratories for a fortnight or 
three wmeks could be arranged in which twm or more Universities 
could participate. We arranged one such hill-laboratory last 
summer for about a fortnight at Harkanda in the Punjab hills for 
the special study of forest ecology besides collection of plants and 
the study of the same on the spot. Lectures and laboratory work 
were arranged for the students. 

A summer hill school with about seven or eight teachers from 
two or more UniversiUes and some twenty senior'students is quite 
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a practical proposition, and much nseM work could be done in 
a short time. 

V I shall not tax your patience for long but before I close I shall 

I appeal, specially to the University teachers who are in charge of 

I higher teaching and research, to give an applied bias to our subject. 

We have to encourage researches of an utilitarian nature. The 
present world condition demands it. If this is done, our students 
will then be more familiar with the problems of our country for 
the solution of which a knowledge of Botany is required. They 
will also find the study of the subject much more interesting. Our 
teachers have to study the needs of the various industrial and 
commercial corcerns in which they could make their knowledge 
useful. Emphasis will have to be laid on the study of drug, and 
fibre yielding plants and other plants capable of ^fielding tannins, 
dyes and other valuable products. In the Punjab, "we have a 
valuable sports goods industry. These concerns carry on quite a 
decent export trade. Many species of Morns are used for this 
purpose. Botanists (Breeders and Cytologists) could study the 
properties most sought for, and could combine these by breeding 
suitable species. We have in our Botanic Garden at Lahore 
raised new plants by crossing the local species of Fpliedm with the 
Chinese and Himalayan species of the plant with a view to produc- 
ing a species for local cultivation, rich in ephedrin. When 
the plants have grown a little more, analysis for the ephedrin con- 
^ tent will be made. Plant poisons are more and more being utilised 

as insecticides, and our students should be familiar with this aspect. 
They must know more about the food, spice and fodder plants, 

I Study of diseases and disease control methods should form a part 

of the higher study of Botany. Micro-biology should have a better 
1 recognition. Eesearches on many aspects of Plant Physiology 

could be carried on in the University without much difficulty ; 

I for example, study of some aspects of vernalization, effect of growth 

I hormones, inducement of polyploidy by colchicine and other 

chemicals, work on hydroponics with a view to commercial exploit- 
ation and so on. Experiments with excised roots to find the effect 
of various nutrients could be made on a laboratory table. Students 
have to be taken to the fields, sea-side and hills more often so that 
f they may become familiar with those plants. They should know 

I our forests better, know also the effects of afforestation . and 

j deforestation. They must learn how to explore for new plants. 

i‘ Search for the wild species is an extremely important work. In 

plant research, we should aim at mobilizing the plant resources 
of the world for human uses. The Soviet philosophy in no way 
regards the botanist as an amateur of plants, but as a person whose 
work is concerned with one of the bases of civilization .... . The 
resources of plant life have to be utilized for the material and 
intellectual benefit of humanity ” (Soviet Science). The methods 
i ; of utilizing the plant life and energy of tropical and sub-tropical 

If countries have not yet been worked out. We should strive for 

the same. 
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I have made a very cursory survey just to illustrate my point. 
I have emphasized the utilitarian application of Botany. This, 
however, may only be borne in mind and should not be the motive 
of research ; otherwise fundamental and far-reaching results will 
never be achieved. The Universities, specially, should be free from 
narrow commercial motives. Funthermore, the research worker 
need have no fear that his theoretical results will not find a useful 
application, for theoretical science and applied science aie insepar- 
able ; they are one and the same, as the fruit is to the tree (Seifriz). 

InTow I have come to the end of my Address. Many of you 
perhaps hold views different from mine. I might have offended 
some of you who are present here to-day, or will perhaps offend 
more people outside wiio may read my address later. But believe 
me, I have said what I felt sincerely and what I considered must 
be said. I assure you, liowever, I bear no malicel^o anyone. I thank 
you sincerely for giving me this opportunity to express my view^s. 
I again thank you for the patient hearing. 
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Vbra^ little is knowu regarding tlie r6i>rodiictioii in the genus 
Microdietyon. Wille (1897, p. 151) states that swarmsi>ores may be 
formed from all the cells of the thallms, but does not give any 
details or figures. Most of the authors after him (Collins, 1909; 
Printz, 1927 ; Setchell, 1929) who refer to the' reproduction in this 
genus do not add any further information. Boergesen (1925) is 
the only author who has giyen some details regarding the repro- 
duction in this genus. He found in Ilicrodictyon Galodictyon (Mont.) 
Decsne. from the Canary Islands, that some of the cells of the 
thallus were transformed into zoosporangia -yith short conical pro- 
jections, having apical openings for the escape of the swarmers. 
He described the swarmers as zoospores, but did not observe a'Ctualiy 
their escape from the cells, nor did he mention the number of cilia 
in the swarmers. His figures also show only a number of rounded 
bodies without any cilia, presumably swarmers, inside the opened 
sporangia. Thus the exact nature of the swarmers, whether they 
were biciliate or quadriciliate and whether they were gametes or 
zoospores is still unknown. 

The authors collected recently at Eanieswu.ram in South India a 
species of Mierodiotyon, coming near Miorodiotyon t emiius (Ag.) 
Decsne. and brought the alga in a living condition to Madras and 
folio-wed its life-history in laboratory cultures. The plants in the 
cultures produced plenty of swarmers on a number of days. The 
swurmers w-ere formed in any cell of the thallus. The swimners 
wdien fully formed became compacted into a dark mass in one 
portion of the cell, leaving the remaining portion of the cell cavity 
occupied by a refractive frothy mucilage (PL III, Pigs. 1 and 2 ; 
Text-fig. 1). The swurmers escaped outside through a conical 
opening (Text-figs. 1 and 2) similar to that observed by Boergesen 
(1925) in MicroMctyon Calodktyon. 

Tim plants forming swurmers w'ero of two tyi^es, one set of 
plants forming only biciliate gametes (Text-fig. 6) and the other 
forming only quadriciliate zoospores (Text-fig. 3). The twm sets 
of plants w'ere quite similar to one another in their external 


* Prom the XJniversity Botany Laboratory, Madras. 
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Text 1-9. Microdlciyon temims (Ag.) Decsrie. Fig. 1. Two ceils 
with fully formed swarmers r3ady for release : note the swarmers compacted 
into a dark mass towards one portion of the ceil and the 3.‘emainiiig xoortion 
of the cell-cavity filled with f ?othy, refractive mucilage. Fig. 2. A .sporan- 
gial cell after the escape of the swarmers, showing the frothy mucilage and 
two swa:nms left bfh‘nd. Fig. 3 , quadricT ate zoospore. Fig. 4. 
Zoospores just come to rest. Fig. 5. Zoosporic germhng 24 hours old. 
Fig. 6 . B ciliated gametes. Fig. 7. Co ijugation of two gametes. Fig. 8. 
Zygotes sorround d with a wall and showing twm eyef pots in each. Fig. 9. 
Zygotic gtrmling 24 hoixrs old. eyespot (Figs. 1 So 2 X 370; rest X 1070). 

appearance. The qiiadriciliate swarmers after swdmmiBg for some 
time settled down and grew into small germliDgs (Text-figs. 
4, 5). The hiciliate swarmers, on the otlw hand, kept swa,rming 
for a long time and finally degenerated and died. Eo fusion was 
observed between the biciliate swarmers produced from any single 
tballns. But in some of the cultures where a number of different 
thalli were kept together, a large number of j^ygotes were seen, 
each one having two eyespots, suggesting clearly that they were 
the result of fusion of the swarmers from the different thalli 
(Text-fig. 8 ; PI. Ill, Fig. 3). In' one instance a late stage in the 
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coDjugatioii of tlie two biciiiated ganietos was observod where the 
fusion of the protoplasts was not yet complete (Text-fig. 7). The 
fact that the gametes from the same plant did not conjugate but 
degenerated and that plenty of zygotes were formed in cultures 
in which a number of different thalli were placed together suggests 
that the sexual plants are evidentty dioBcious. The zygotes after 
sorrounding themselTcs with a wall, germinated immediately and 
formed smaill germlings quite similar to those formed by the 
zoospores (Text-fig. 9). 

A cytological study of the alga showed that there are two 
types of plants, one haploid having 16-18 chromosomes and the 
other diploid having 32-36 chromosomes. Eediiction division was 
observed in the diploid plant just before s warmer formation. 
Typical synizetic and diaMnetic stages (PI. Ill, Pigs. 4, 5) were 
observed and 16-18 bivalents were counted during diakinesis. 

The facts detailed above clearly point to the existence of an 
alternation of a haploid sexual with a diploid asexual generation 
in Miorodiciyon temiius (Ag:) Decsne., quite similar to what is seen 
in the Gladophoracea) and tJlvacesB and also in the allied genus 
Anadyomene (Iyengar and Eamanathan, 1940). 
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EXPLANATION OF PLATE III 

Fig. 1. Thallus with practically ail the cells forming swarmers. X 45. 

Fig. 2. A portion of the above enlarged ; note the swarmers compacted into 
a dark mass towards one portion of the cell and tha remaining por- 
tion of the ceil-cavity filled with a frothy, refractive mucilage. 
X 132. 

Fig. o. Zygotes, with the two ey "spots clearly seen in. some of them ; (the 
ariow’s point to the two eyespots in one of the zygotes) . X 1250. 

Figs. 1 & 5). Synaptic and diahinetic stages respectively of the reduction 
division. (Fig. 4 x 1875, Fig. 5 X 1460). 
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All the elements of the permanent tissues of a vascular plant are 
derived from the enmeri stem, cells of which are more or less 
uniform so far as their size and structure are concerned. During 
their growth and differentiation the cells vary both in size and 
character. What are the developmental relations of the various 
elements and how are intercellular re-adjnstments effected during 
the transitional stages, are problems which have not yet been 
satisfactorily answered. In these pages re-adjustment of the 
cambial cells and also of their derivatives in higher vascular plants 
have been discussed. 

In plants which grow in thickness and in winch the elongation 
of the axis as a whole has ceased the cambium cylinder extends 
peripherally from year to. year ; the fibre cells, particularly the 
secondary fibres, grow many times the length of the initials from 
which they become differentiated. How does this happen 1 

Bailey (1923) calculated that in 60 years the peripheral exten- 
sion of the cambial ring in Finns strobus amounted to sixty -fold, 
and during this period the fusiform initials were seen to grow in 
number from 724 to some 23,100, and in their length they grew 
about five times their original length. He further calculated that 
one-fifth of this number was the result of cell division, the rest 
were due to the increase in the length of the initials themselves. 
From this data Priestley (1930) worked out that in Pimis strobus 
the fusiform initials divided once in fifteen years ! 


* Pa})er read before the Botany Section at the Benares Meeting of 
the Indian Science Congress Association, January, 1941. 
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GaMhial Division in Conifers and in Less Specialised Dicotyledons 
[M on-sir (1868) suggested tliat the tangential increase 
in the number of cells in the cambiai cylinder might be effected 
by their radial longitudinal divisions. But later investigators, viz.^ 
Eobert Haxtig (18^95), Klinken (1914), BaEey (1923), f-om their 
extensive studies showed that the normal divisions of cambiai cells 
in all Gymnosperms is by transverse or by pseudo-transverse walls, 
and the increase in the periphery of cajmbium in these plants is 
primarily due to the elongation and adjustment of transversely 
dividing fusiform initials. 

Iiseeff (1920) working on Tilia tomentosa found no distinction 
in this respect between the lateral meristems of Bicotjdedons and 
Gymnosperms. Bailey observed in Drimys and TrocJiodendron, 
which are vessel-less Dicotyledons, that the type of cambium divi- 
sion conformed strictly to the Conifer type, i.e,, by transverse or 
pseudo-transverse walls. 

Camhial Division in Highly Specialised Dicotyledons {Stratified),— 
It is only in Dicotyledons with stratified cambia that radial longi- 
tudinal divisions of cambium cells have been observed, so far as 
I know, by Bailey (1923), Kleinmann (1923), Beijer (1927) and 
by me in Eeracleim Sphondylium (1940, Fig. 6). But stratified 
cambia are very rare in Dicotyledons. Holland Janssonius (1906-26) 
in a census of the Javanese woods found only about 5 % with 
stratified cambia. 

When such is the position it is very dijfficult to visualize how 
these elongating cells in the cambia of Conifers and less specialised 
Dicotyledons, adjust their position so that they come to lie side 
by side in the peripherally extending cambiai ring. The same 
difficulty arises in the case of elongating fibre -mother -cells in higher 
Dicotyledons. 

The following fe-ee theories have been advanced as a solution 
to this apparently difficult problem. They are (1) the theory of 
the gliding, or sliding growth (Krabbe, Bailey), (2) symplastic 
(Priestley), and (3) intrusive (Sinnott and Bloch) growth move- 
ment of the cambiai initials or the fibre-mo ther-eells. 

The Sliding or Gliding Growth Movement. — ^Krabbe (1886 ; Scott, . 

, 1888-89) was the first to suggest the sliding or gliding growth 
(gleitende Wachstum) of the cambiai cells as. a solution to this 
problem. This has been later elaborated by Bailey (1923) and 
incorporated by Barnes and MacDaniels (1925) in their text-book. 
According to Bailey during development the fusiform initials in 
a non-stratified cambium ^‘ elongate sliding by one another until 
they attain a certain size. They then divide by means of a more 
or less oblique partition into short halves which in turn elongate 
and divide ’’ (Fig. 1, A, B, 0). He says the products of these 
divisions elongate and crowd by one another resulting in an increase 
in the girth of the cambium. Bailey measured the elongation of 
cambiai initials themselves in strohus about five times at the 
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Text-fig. 1 . Division of a fusiform initial by pseudo-transverse wall ; daughter 
cells, 1, 2, elongate and side by one another as they grow. From Fames & 
MacDaniels (after Bailey), p. 147, 

end of the fifty-ninth year. Kundu (1939) noticed hemp and jute 
fibres to elongate three times their cambium initials. 

Ail these involve a considerable sliding past one another, and 
it is very difficult to comprehend this relative movement under the 
conditions existing in the developing and differentiating tissues, 
and also in the absence of definite evidence. 

The SymplastiG Growth Movement — Tammes (1913; Aldaba, 1927) 
raised objection to the sliding growth movement as proposed by 
Krabbe. He observed that while the lower end of a fibre wall had 
been undergoing thickening and held firmly amongst fully differ- 
entiated elements the upper, in an internode which had not yet 
ceased to grow in length, was still elongating under compression. 

As an alternative to sliding growth movement Priestley (1930) 
elaborated his symplastic growth movement on the basis of what 
actually happens in the apical meristem during cell adjustment 
following each division. Pig. 2, A, B, C show progressive changes 
in cell shape in which the new position in 0 can be reached without 
any slip between the walls of the dividing cell and its neighbours. 
The whole wall grows and stretches as a common ^ threeply ’ mem- 
brane as Priestley would describe the. stage (c/. D^Arcy W. Thompson 
on Growth and Form, VII, 1917). He concluded that the adjust- 
ment of cell shape and cell position takes place as a result of a 
gradual mutual adjustment of position in which the partition walls 
adjust their tension and position as a common framework without 
the necessity for any slip between any two cellulose walls facing 
one another across a common middle lamella (p. 102). 

This adjustment due to symplastic growth, however, assumes 
that the protoplasts are in a semifluid condition and are separated 
from one another by extremely plastic walls. 

la 
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Text-figv2. A~D, adjustment of cell shape and cell position in the apical 
mcristem after each cell division (after Priestley, p. 101). 

Both Kleinmann (1923) and Eeijer (1927) observed that follow- 
ing each cell division in a cambial cell the readjustment of these 
plastic cells takes place exactly in the manner described for the 
apical meristem (see Priestley’s figs. 3-7, pp. 104, 105). 

But the experimental evidence supplied by Teodorosco and 
Popesco (1915) appears very conclusive on the readjustment of 
cells by sympiastic growth movement. Pig. 3 shows the strip 
ABC left of the bark and other tissues while from the rest of the 
axis the bark has been removed after the manner suggested by 
Czapek, These two investigators showed that axes of new xylem 
and phloem in the regions A and C were vertical, while those in 
B, horizontal. They showed further that the cambial cells in B 
became first isodiametrical, then they elongated symplasticaily 
horizontally (Pig. 4, A, B, C). Bailey and Miss Tupper Carey (1930) 
noticed the deformation of plastic walls under pressure. 



Text-figs. 3 and 4. Illustrating the experiments of Teodorosco and Popesco : 
the ring experiment and readjustment of cambium cells with renewed giowth (from 
Priestley, pp. 135 and 136), 



/mmusirii] mowm of the gambium cells.: i65 

Priestley worked ont and skewed that the radial pres snre 
caused by tke differentiating and maturing trackeids in Conifers, 
and tke lateral pressure of the horizontally expanding and differ- 
entiating xylem vessels in Dicotyledons might cause sufficient 
deformation resulting in tke longitudinal extension of the cambium 
initials to account for the increase in the girth of the cainbium 
cylinder, and the longitudinal elongation of the cambium and the 
fibre-motker-cells* But when the vessels are differentiating do the 
fibre-motker-ceHs remain sufficiently plastic to account for tke 
enormous increase in the length of adult fibres ? 

The Intrusive Grototli Movement , — Sinrott and Block (1939) 
suggested that tke so-called sliding growth is really intrusive growth 
due to localised active growth confined to the two ends of a cambium 
initial, or of a fibre-mother-eelL Fig. 5, A, B, C (PL Pigs. 1, 2, 3) 
shows cambial cells in three stages of growth and dificirentiaition 
in a species of Laburnum, big. 5 A shows cambium initials in the 



Text-fig. 5 A, B, C. Camera lucida drawings of the stratified cambium from 
cambium strips of Laburnum sp. showing rrowth, elongation and differentiation 
of a fibre from cambiuni initials (A x 81 * B, C x 135). 


stratified stage ; Pig. 5 B, one of the cambium cells differentiating 
into a fibre* The cell is growing by advancing tips between the 
cambium cells of the upper and the lower series, the secondary 
thickening has not yet started. Pig. 5C3 shows the final stage 
where the fibre-mother-cells of the upper and lower series (a, 6 ; c, d) 
have already differentiated into fibres with their tapering ends 
meeting midway in the middle series. 

Pig. 6 (PL Pigs. 4 and 5) is the stratified cambium initials from 
the growing apex of Eeracleum Sphondylium. The slide has been 
prepared from macerated material previously fixed in chrotn-acetic- 
acid solution. Here the cambium initials are Kseen in different 
lengths, some just split radially longitudinally, * and in one place 
two initials from an upper series intruded by their ends between 
initials of the lower series. Plate Pig. 6 shows a patch of secondary 
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Text-fig. 6. Camera lucida drawing of the macerated cambium from ihe 
growing apex of Heracleum showing radial longitudinal divisions and intrusive 
growth of the initials (x 622). 

fibres in tranverse section. It will be noticed that between radial 
rows of fibres small fibre ends are present occupying the inter- 
cellular space areas between the former. Evidently these ends of 
the fibres intruded between original rows of fibres during their 
growth and difiexentiation. 

Discussion 

There have been three different suggestions to explain the 
increase in the peripheral extension of the cambial cylinder during 
the secondary growth in thickness of the steins of Conifers and of 
the less specialised Dicotyledons, and incidentally also to explain 
the increase in length of the fibre-mother-cells in the wood and 
phloem in the axes of the Dicotyledons which have already ceased 
to extend in length. 

It appears that no distinction has been made between the 
cambium and the fibre-mother initials. Cambial cells are character- 
ised by frequent divisions whereas the fibre-mother-cells are the 
non-meristematic growing and differentiating cells derived from 
the last dmsion of the cambium initials. After the last division 
of the cambium cells when the daughter cells are differentiating into 
fibres or tracheids they should be regarded according to their final 
form either fibre- or xracheid-mother-cells. 

In Conifers the tracheids are seldom much longer than the 
fusiform initials from which they are directly derived. The fully 
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developed fusiform initials and tlieir derivatives, the tracheids, are 
practically the two stages of the same individuaL Whereas in the 
highly specialised Dicotyledons the fibres become several times 
the length of the fibre-mother-cells during differentiation. 

There exists, therefore, a fundamental difference between the 
increase in length and adjustment of tracheid and fibre-mother- 
cells in Conifers and in the highly specialised Dicotyledons respec- 
tively. In the first case, i.e., in Conifers and also in the less specia- 
lised Dicotyledons cell readjustment takes place in a more or less 
plastic system where all the cells are elongating equally under a 
uniform radial pressure. Here the cell adjustment is undoubtedly 
brought about by a symplastic growth movement as visualized by 
Priestley. But in higher Dicotyledons the question appears different. 
Here the fibre-mother-cells elongate many times the cambium 
initials, in a differentiating tissue which is heterogeneous in compo- 
sition and in which the cells do not seem to be in a very plastic 
condition. The adjustment appears to take place by the intrusive 
growth movement confined primarily to the two ends of the fibre- 
mother* cells. 

If we are to understand by gliding or sliding movement whole- 
sale slip of one cell along the faces of its neighbours there is no 
direct evidence to prove it ; but if on the other hand, the progress 
of the extending cell between its neighbours is meant to be effected 
by localised active growth of its ends, the whole process is not 
only explainable but also is consistent with observed facts. This 
mode of growth of a cell by one or both the ends has been called 
by Sinnott and Bloch (1939) intrusive growth. 

Three objections might be raised against the acceptance of this 
mode of growth of the differentiating cambium or fibre initials, 

(1) when a cell intrudes between two cells the protoplasmic 
connections (plasmodesma) between the latter are ruptured. At this 
stage, however, the cells are in the primary condition. Strasburger 
(1901) and Sharp (1926) state that protoplasmic connections, if 
severed, might secondarily be re-established. 

(2) In such conditions halves of a pit formation should not 
correspond with each other. But pit formation takes place only 
during the progress of secondary thickening. Kundu (1939) while 
studying the development of the fibres of jute and hemp found 
that secondary thickening and consequently pit formation, started 
only after the fibres had attained their full elongation. As a matter 
of fact this method of secondary thickening distinguishes a fibre 
from a collenchyma cell where elongation and secondary thickening 
proceed simultaneously (Majumdar, 1940). 

(3) The third objection is against the conception of the differ- 
ential growth of the cell-wall or the cell. The intrusive growth 
is based on this conception. Is it a new conception ! 

Growth of a cell near the tip is a normal feature in root hair 
cells, in callus and tyloses cells, in certain idioblasts and in the 
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latex duct s of the non-articulate type. Klinken (1914), Neeff (1914), 
Bailey (1923), Bailey and Kerr (1934) observed apically localised 
growth of camMal cells ; Zander (1928) and Schalfstem (1932) 
noted P’rowth near the tips of latex ducts in regions vfhere other 
tissues^ of the plant are still growing. Sinnott and Bloch (1939) 
saw differential cell growth in the surface layers of the^ roots of 
Pod tfivi^lis^ PJilouM pTdtei'isoj and other species (Big. A, B). 
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Text-fig, 7. Phleum pratense: A, B showing low the lower wall of cel 
5 of upper row in A shows differential growth in contact with cells 5, 6 and 7 
in the lower row in B. From Sinnott & Bloch, p. 628. 


Eothert (1900) and Guttenberg (1902) observed localised growth 
in crystal cells (Bigs. 8, 9, 10) and Knoll (1905) found the same 



Text-figs. 8, 9 and 10. Diagrammatic representation of the intrusive growth 
of a crystal ceil of the leaf of C7/m after von Guttenberg. From Sinnott & 
Bloch, p. 633. 


tiling in hair ceils. The writer saw actual progress of the apices 
of a tracheid mother cell m. Laburnum and of the cambium 
initials in Eeraeledm, Therefore the differential growdh of a cell 
or its wall cannot be regarded as a new conception. 

The fibps in Dicotyledons are more or less spindle-shaped, 
a swollen middle portion with two ends long tapering. The middle 
portion corresponds to the body of the fibre-mother-cell and the 
long tapering ends, its intrusively grown apices (Fig. 11 A, B). 
Kundu (1939) saw the same thing in the fibres of jute and hemp. 

' This has also been observed in Laburnum (Fig, 5 C ; PL Pig. 3) and 
in Heracleum. A comparison between the adult fibre cell and its 
mother reveals that during differentiation not only the latter has 
grown in length by the two ends, but the middle region has also 
grown apparently in length and volume (Fig. 11 A, B). 
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Text-fig. 11. Diagrammatic representation of the differentiation of a fibre 
from its mother cell; relative growth of its different regions a, b and c, during 
elongation is shown. 


While examining a sample of previously fixed and then mace- 
rated collenchyma initials of Ehubarb petiole, stained in 1 % aqueous 
eosin solution, the present writer observed a very interesting stage. 
In each elongating collenchyma cell three dense zones in the proto- 
plast were noticed, viz., in the middle of the cell with the nucleus 
embedded in it, and at the two ends without nucleus, the rest 
of the cytoplasm was less dense and almost colourless. This 
suggested to the author that active growth in length and volume 
of an elongating and differentiating fibre cell might be confined 
to its two ends and the middle region. 

In the intrusive growth the tip advances through the neigh- 
bouring cells. How is then the advance between the neighbouring 
cells effected E'eeff (1914) presented evidence to show that the 
sharp expanding cell tips digest the cementing substance between 
two cells (cf. tips of latex ceils), rui)ture protoplasmic connections 
and grows between the two cells. Eames and MacDaniels (1925) 
also suggest that the growth takes place at the tips only, and the 
dissolution of the middle lamella of the cells on either side is due to 
some enzyme action, or may be due to growth processes (p. 150). 
It is difficult to say if mechanical pressure caused by the forw^ard 
movement of the growing tips through the slimy intercellular pectic 
substances, has anything to do with the splitting of the common wull. 
This will, however, form the subject-matter of a different paper. 

SUMMAEY 

In stems which grow in thickness and which have definitely 
ceased to elongate the cambium cylinder extends peripherally from 
year to year. 

The fibres, particularly the phloem and xylem fibres during 
their differentiation in a heterogeneous tissue, grow many times the 
length of their mother cells, the cambium derivatives. 
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Extensive studies on cambitun and its activities have shown 
that in Conifers and Dicotyledons which have non-stratified cambia, 
the increase in the periphery of cambium is effected by the elongation 
and adjustment of the daughter cells derived from the transverse 
divisions of the fusiform initials ; and it is_ only in the highly 
specialised Dicotyledons with stratified cambia that the peripheral 
extension is maintained by the radial longitudinal divisions of the 
cambial cells, but stratified cambia are very rare in Dicotyledons. 

So far the following three suggestions have been made to explain 
how the intercellular readjustments are brought about, vis., 

1. By the sliding or gliding growth movement which results 

in the slip of a cell along the faces of its neighbours ; 

2. By the symplastic growth movement in which the adjust- 

ment of the cell shape and cell position is brought about 
by a pressure on the plastic cambial system ; and 

3. By the intrusive growth movement in which the progress 

of the extending cell between its neighbours is effected 
by the active growth of its ends. This may be taken as a 
modification of the first. 

There is no direct evidence to show that a cell slips along the 
faces of its neighbours during elongation and differentiation, but 
readjustment by the symplastic growth movement without any 
slip, following each cell division, in the apical meristem is easily 
understandable. This is also possible in a system, such as the 
cambium, which is not only plastic but is also differentiating under 
a constant pressure. Teodoroseo and Popesco have already demon- 
strated such a possibility in the cambium, but it is doubtful if the 
fibre-moth e^-cells elongate in such a system. 

In higher and highly specialised Dicotyledons the elongation 
of the fibres during differentiation appears to take place by the 
intrusive growth of their ends between their neighbours. This is 
not only explicable but is also based on evidence produced in this 
paper. 

Materials for this paper were collected while I was working in 
the Botanical Laboratory of the University of Leeds. I have made 
extensive use of the works of Professors B. W. Sinnott, J. H. 
Priestley and I. W. Bailey. My thanks are due to them and also 
to the various other investigators whose works I have consulted 
and freely quoted. 
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EXPLANATION OF PLATE FIGS. 

Figs. 1, 2, 3. Laburnum sp. Intrusive growth during diHerentiation of 
a fibre from stratified cambial initials. Photomicrographs 
of stages shown in Text-figs. 5 A, B, 0. 

Figs. 4,5. Heracleum Sphondylium. Macerated cambium showing 
intrusive growth of the cambium initials ; compare Text- 
fig. 6. 

Fig. 6. Heracleum Sphondylium. Photomicrograph of a patch of 

secondary xylem fibres in t.s.; intrusively grown fibre 
ends are seen in the right of the figure occupying the 
intercellular space regions. 
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Eeceived for publication on February 15, 1941 

In 1935 the writer was privileged to accompany a botanical tour to 
Spiti organized by the Boerich Besearch Institute, Baggar, Kulu. 
The principle object of the tour was for the purpose of collecting 
seeds of grasses and of leguminous forage plants growing in that dry 
inner valley of the Himalayas. Incidentally a large number of 
flowering plants, ferns and fungi were also collected. The fungus 
specimens were generously banded over to the writer by the Director 
of the Institute. 

The parasitic fungi were sent to Herr H. Sydow who has recently 
published the results (1938). The Gasteromycetes in that collec- 
tion and a few others collected by the writer at Dalhousic, Chamba 
and Mussoorie and by Dr, B. B. Stewart from Kashmir have been 
identified and are reported in these papers. 

Family : Hymenogasteeace.® 

MelanogasUr Corda.— This genus resembles the genus Sclero- 
derma in the LaTcunar type of development and was at one time 
placed by Fischer (1900, p. 334) in the family Bclerodermaceas. But 
it differs markedly in its habit, gleba and spores and has therefore 
been transferred by Fischer (1933) to the famity Melanogasteraceae, 
The affinities of the genus, however, are so close to Bhizopogon, 
from which it differs only in the coloured spores and the arrangement 
of the gleba, that it has recently been included by Cunningham 
(1934) in the family Hymenogasteraceae which he has amended to 
include the families Hysterangiacese and Hydnangiaceae. 

i. Melanogaster amhiguus (Vitt.) Tulasne, 

Fungi Eypoge% 94, 1851. 

Specimens globose or sub-globose, of nearly black colour, 
becoming much wrinkled on drying due to the deliquescence of the 
gleba. In young specimens cavities begin to appear in the centre 
wdiere the deliquescence begins. The surface bears a number of 
dark brown fibrils which fall off in dried specimens. The wall is 
160-230 jjL thick and consists of gelatinised hyphas and is soft to cut 
in dried plants. 

Gleba jot black with a number of white tramal plates travers- 
ing it, more prominent near the periphery in the region where the 
gleba has not yet deliquesced. %ores broad, elliptic, more or less 
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pointed at tlie apex, dark brown, 10-5 x 16*5 ft, witli a very small 
byaline cnpdike pedicel at tbe proximal end. Easidia clavate, 
7*5 2-4 spored, spores borne on tlie sliort sterigmata, 

sterigmata 4-5 ft in length. 

Dalbonsie— Ciiamba Eoad. Growing in groups a few 

inches below the ground. October 20, 1939. Leg. S. Ahmad. 

The only other species of the genus recorded from India is 
Melamgaster durissimus Oke. which according to Lloyd (1921, 
p. 1064) is the same as M. mriegatus (teste Mattirolo). The writer 
had recently a chance to examine the material of the species from 
Ohakrata in the Herb. Cryp. Ind. Orient, of the Imperial Agricul- 
tural Eesearch Institute, Hew Delhi. 

The specimens are globose, very hard, showing no trace of deli- 
quescence, with spores 3 -75-4 -5 x 5 *52-8 *25 generally rounded 
at the apex. The smaller size of the spores in tins species is a good 
character to distinguish it from Jf. ambigims. 

2> EJmopogon ruhescens TulMm, Giorn. Bot, Itah, 
ii, 58, 1844. 

Specimens sub-globose to kidn^-shaped, white in the fresh 
condition but turning to slightly pink on drying, without fibrils. 
Peridium wall 95-158 -5 ft in thickness, single layered, the outer 
part yellow and the inner pink in colour, the colour not changing 
in 7% KOH. 

Gleba at maturity brittle, drying to pinkish or some shade of 
brown, the colour disappearing in old specimens, which then appears 
yellowish. Gleba cavities labyrinthiform, 12 to a millimetre, 
septa upto 90 ft thick. Spores smooth, elliptic with two conspi- 
cuous oil drops, 2*25-3*0 X 6*0-10*5 ft. 

Dalhousie— Epigeous. Hot common, October 20, 1939. 

Xcp. S. Ahmad. 

The description of the specimen agrees in part with the descrip- 
tion of B.roseolm presented by Coker and Couch (1928). According 
to these authors K roseolus is closest to E. mheseens but o&n be 
distinguished by the following characters. In E. mheseens the 
colour of the peridium is citron yellow throughout while in 
E. roseolus yellow colour is limited only to the outer part, and the 
inner is distinct rosy-salmon. The two differ also in colour-changes 
in the gleba ; in E. roseolus there is no change in the gleba upon 
sectioning, while in E. ruheseens surface changes to a distinct 
rosy-pink. The cavities of the gleba in E. roseolus are larger than 
in E. and the septa are also considerably thicker, more 

gelatinized and much less sessile. 

Lloyd (1923, p. 1170), on the other hand, remarks, I am unable 
to clearly distinguish jK. of Dodge. It is a small 

form of E. mheseens with dark peridium.’’ 
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Cunningliam (1934) also fails to distingnisli B, roseolus from 
B, mmscens. According to Mm the plant described by Ooher and 
Conch is close to B, mbesems, if not identical with it, but he fails to 
establish the identity of B. roseolus in the original sense of Hollos. 
He states that the examination of three collections (listed in the 
text by Hollos) and identified by Bodge as B. roseolus shows that 
two belong to B. ruheseens and one to B, luteolus, which illnstrates 
the fact that B. roseolus has no character by which it may be recog- 
nised. 

Bliizopogon luteolus Fr. is distinguished from if. ruheseens by 
the gelatinized; hard, indurated and almost black gleba and the 
smaller giebal cavities filled with spores. 

Family : Tylostomaoe.® 

5. Tulosioma mussooriense P. Henn., Hediviaia, 

XL; 337, 1901. 

Peridium globose or snb-globose, 1*2 cm. in diameter and 
1*0 cm. in height, reddish-brown. Exoperidium with numerous 
small granular warts, which fall oh and give the endoperidinm a 
beautiful verriicose appearance. Endoperidinm very light-coloured 
opening by a well protruding tubular mouth. A small area round 
the mouth is perfectly smooth and if judged by this the endo- 
peridium is likely to become smooth with age. 

Stipe upto 6*5 cm. long, 0*25 cm. thick ; strongly scaly, of 
brown colour, attenuated towards the apex, with a well-developed 
mycelial base. 

Gleba pale-ferruginous ; capillitium hyaline, rarely septate, not 
swollen at the nodes; spores globose or sub-globose, 3-8-4*95ju, 
in diameter, verrucose. 

Miissoorie—Garhwal Eoad. On the ground in groups, 

July 20, 1940. Leg. S. Ahmaid. 

The species was described by Hennings from specimens collected 
by William Gollan from Mussoorie, Arnigardh (5,500 ft.) on August 9, 
1900. According to Hennings (1901) the species has an outward 
resemblance with T. emsferatuin M-ont., hut is quite different as to 
month, etc. This is a very far fetched resemblance as in T. exas- 
peraium in addition to tbe fibrillose mouth the peridium is furnished 
with large conical warts of the nature of spines, and in this last 
character it is unique. Its nearest relative, however, is T, verrueosum 
Morg., which has the same verrucose peridium, protruding tubular 
moutb, scaly stipe and verrucose spores. It is indeed difficult to 
separate the one from the other excepting by the size of the plants, 
a minor feature. 

According to Lloyd (1906) it is close to T. honianum 'Fsbt.j hixb 
has much more slender stem and much roughened spores. It is not 
improbable that the tliTee T. mrrueostm^ T. mussooriense 

and T. honiamm are local variants of the s ante species. 
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Family : Geasteeacb^ 

4. Qeaster S'imulans JAojdi^ Mye, WriL<f 1, Ans, 17, 1905, 

Exopaiidiiim split to about the middle into 6-9 strongly hygro- 
scopic rays, the exterior covered with debris or quite smooth. 
Endoperidium sessile, globose upto 1-3 cm. in diameter, glabrous, 
brown or almost darh-coloured ; opening by an indefinite plane 
mouth. 

Gleba ferruginous; columella indistinct; capillitium threads 
orange citrine, 3 v9-4 • 6 p in diameter; spores, globose 3 ‘9-4 *6 ft 
in diameter, aplculate, epispore fuscous, finely warty. 

Eotang Pass (16,000 ft.). Solitary on the ground. Leg. 

S. Ahmed. 

Characterised by the plane naked mouth and a strongly hygro- 
scopic exoperidium. The species is distinguished from {?. flori- 
formis which it otherwise closely resembles in having smaller spores. 

5. Geaster Glelandii Lloyd, Myc. Writ., 5, 794, 1918. 

Exoperidium split to about the middle into 6-8 acute and 
hygroscopic rays which fold over or under the endoperidium on 
drying. The exterior is covered over by vegetable debris. Endo- 
peridium shortly pedicellate, depressed globose, upto 0-8 cm. in 
diameter, closely and minutely a separate, opening by a conical 
strongly sulcate month, seated on a distinct concolourous zone. 

Gleba ferruginous ; columella indistinct ; spores globose or sub- 
globose, 4-8-5 *5 ft in djameter, epispore pallid-brown, finely warty. 

Jalori Pass (10,000 ft.).— Solitary on the ground. Leg^ 

S. Ahmad. 

Characterised by the sulcate mouth, hygroscopic exoperidium? 
and a pedicellate asperate endoperidium. The species resembles 
G. Vrummondii and G. SmitUi in general form but can be easily 
separated from the former by its pedicellate endoperidium and 
from the latter by its asperate endoperidium. 

6. Geaster mammosus Fr., Ghev* Fh Paris, 359, 1836. 

Exoperidium split to about the middle into '7-9 hygroscopic 
rays; revolute when the plant is wet and encloses the base 
of the endoperidium, the exterior is perfectly smooth. Bndoperi- 
dium sessile, globose, upto 1-2 cm. in diameter, dark-brown, smooth, 
opening by a definite conical even fibrillose mouth seated on a defi- 
nite concolourous or white area. 

Gleba fuscous ; columella indistinct ; capillitium threads Sudan 
Brown (Eidgway), 3 *4-4 *8 ft in diameter ; spores globose, 3 -Sfi- 
4-46/x in diameter, epispore Sudan Brown (Eidgway), minutely 
veiTucose. 

Jalori Pass (10,000 ft.). — Solitary on the ground. Leg^ 

S. Ahmad. 
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Characterised hy a hhrillose mouth and a hygroscopic exoperi- 
diiim. The species is distinguished from G. aremrius by its sessile 
endoperidium. 

7. Geaster triplex Jungh. Tidshr. Natur. GescMed-^ 7j 

287j 1840 ; Syn. G. lageniformis Vitt. ; G. englerianus P. JJeiiii. 

Exoperidinm split to about the middle into 4-6 narrowly 
acuminate non-hygroscopic rays, which may be saccate or revolute. 
Pleshy layer brown, rimose, broken into transverse strise, and at 
times forming a collar at the base of the endoperidium. Endo- 
peridiiim sessile, 3 cm. in diameter, sub-globose, bay-brown, 
glabrous, finely pitted, membranous; opening by a fibrillose, 
mammose mouth seated on a broad, depressed, silky zone, marked 
by an upraised margin. 

Gleba ferruginous ; columella distinct clavate ; spores globose, 
3 *36-4 -83 II in diameter, epispore Sudan Brown (Eidgway), finely 
verrucose. 

Khanag, Kulu Hills ; Ohamba. — Solitary on the ground. 

Leg, S. Ahmad, 

Characterised by the definite fibrillose mouth, non-hygroscopic 
cracked exoperidinm, sessile endoperidium and the size of the spore. 
The unexpanded plants are ovate and with a long beak, and so can 
be easily distinguished from the closely allied species G, saccatus 
in which the unopened plants are globose, and without a beak. 

As stated by Lloyd (1907, p. 310) and also by Butler and Bisby 
(1931) G, englerianus P. Henn., is a black form of G, saccatus. But 
according to Cunningham (1926) and Kambly and Lee (1936), it is 
not a form of saccatus but of G, triplex Jungh, 

The following species were examined in the Herbarium of the 
Eorest Eesearch Institute, Dehra Bun : 

Geaster saccatus Fr. 

Haghan Valley, Hazara. (Eo. 1886.) 

This is a mis-determination, as the examination of the un- 
expanded plants shows a long beak characteristic of G, triplex (gee 
under that species). 

Geaster lilacinus Mass. Bulh MiscelL Inform » Boy. Gard., Keio, 
p, 166, 1899. 

Dehra Dun (Gamble). (No. 105.) 

The specimen was .collected by Gamble from Dehra Dun in 
February 1898 and sent to Massee for determination, who described 
it as a new species. The main character on which the species is 
based and by which it differs (according to the author) from the 
closely allied" species G, liygrometrieus is the size of the spores. As 
remarked by Massee (1899) it (G, lilacinus) h readily distinguished 
from this (G. 'hygrometricus) and every other known species by the 
very large size of the spores (10-12 ft)’h 
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Tlie specimen in tlie Herb. Forest Bes. Institute was recognised 
at a glance as the common Astrmus liygrometricus. Tlie examination 
of tbe spores confirmed this first impression ; tfiey are globose, 
verrncose, dark-brown, 5-54-13-6 /x in diam., tbe mean being 10 ju,. 
TMs is tbe nsnal size of tbe spores in specimens from Balbonsie, 
Knlu and Miissoorie. TMs is furtber confirmed by tlie description 
of A, Jiygrometrieus presented by other writers. Lloyd (1902) 
records the spores as 8’-12 ft, while Kambly and Lee (1936) state 
that the spores vary extremely in size, from 4>-5 pt, more commonly 
from 7-12 /x, averaging about 9/x. 

There appears to be no justification whatsoever for keeping 
Geaster lilacimis as a species distinct from Astrce/us Jiygro- 

metfimis and it has therefore been reduced to synonymy (see below). 

FAMn.Y ; Astujeace^ 

5. Astfmiis hygrometneus (Pers.) Morgan, Jour, Ginn, Soc. 

Nat, Hist,, 12, 19, 1889-90 ; Syn. Geaster hygrometrieus Pers. ; 

Geaster lilaoinus Mass. ; Astrmns stellatus Scop. 

Exoperidium split to about the middle into 6-12 strongly 
hygroscopic rays, perfectly smooth on the exterior; fiOvShy layer 
breaking into irregular areas by deep grooves; falling away completely 
in some specimens. Endoperidium sessile, depressed globose, upto 
2 *5 cm. in diameter, with surface felted and often marked b}^ pitted 
areas ; dirty -white or gray ; opening by an irregularly torn aperture. 

Gleba dark-brown ; columella absent ; capillitium threads 
hyaline long branched, 3 -8-6 *65 ft in diameter ; Spores globose, 
6-5-12 *5 ft in diameter, dark brown, verrncose. 

Dalhousie— Ohamba Eoad; Khanag, Kulu Hills ; Mussoorie.— 

solitary on the ground. Very common. Leg, S. Ahmad. 

The unopened specimens are very hard and globose and as 
stated by Lloyd (1902) ^^are liable to be taken at first for a species 
of hypogeal fungi, or on examination under a microscope, for an 
undevelo'^ed Seleroderma^\ 

The species has been variously referred to by different 
workers. Lloyd (1902) put it in the Geastrse, but Eischer (1933) 
referred it to the family Oalostomaceas with the genus Gahstoma, 
As its affinities with other Gasteromycetes are not clear, Martin 
(Hambly and Lee, 1936) has recently proposed a separate family 
Astrceacece for it. 

Family : Ltcoperdace/e 

9 , Mycenasirum eorium (Guers. ) Besvaux, Ann- Sd, naU, 

2, XVII, 143, 1842 ; Syn. Jf. spintilosum Feck. 

Plants globose, sub-globose or pyriform, upto 12 cm. in dia- 
meter. Exoperidium formed of a white thin fugacious layer; 
endoperidium corky, 2-4 mm. tMck, smooth, polished, bay-brown, 
opening by an irregular break at the apex at maturity, but more 
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often breaking away from tbe point of attacbiiient and rolling on 
the ground like a Bovista'’. Sterile base none. 

Gleba dark-brown, pulverulent; capillitium of short separate 
threads abundant, unseptate, branched, beset with numerous spiny 
processes ; spores globose, 7 *5-10 -5 /x in diameter, epispore chest- 
nut-brown, densely echinulate. 

Ani (3,000 ft.), Kulu Hills ; Chamba — Balhoiisie Eoad. — 

Solitary or in groups on the ground. Oommon. Leg^ S. Ahmad. 

A cosmopolitan species characterised by its large globose form, 
a Bovista ”-like habit, thick and corky endoperidium and spiny 
capillitium. 

10. Bovista flumhea Pers. Byn. Fung.^ 137, 1801. 

Peridium globose or sub-globose, 3*1 cm. in diameter and 
2-6 cm. in height. The surface in the young specimen breaks up 
into small granules as it dries ; finally, the exoperidium peels off in 
large pieces ; endoperidium smooth, firm, lead-coloured. The 
mouth is not yet developed in the specimens. 

Gleba olivaceous ; capillitium threads separate, dichotomously 
branched, with slender tai)ering branches; spores sub-globose, 
smooth, 4 ‘75-5 -9 /x, pedicellate, pedicels 8*6-10*85 p, in length. 

Sonamarg, Kashmir, 9,000 ft. E. E. Stewart. 

The species is easily recognised by its lead-coloured endo- 
peridium, _ and oval spores with long pedicels. 

A specimen has already been recorded under this name from 
Mussoorie, India {efr. Butler and Bisby, 1931). The record is 
based on a specimen collected by Gollan and sent to Dr. Hennings 
for determination, who referred it to this species. One half of the 
same specimen was given to Lloyd by Dr. Hennings who refers it 
to Bovistella and calls it Bovistella HenningsiL He remarks I feel 
sure it should not be referred to Bovista plumbea^ as it has a cortex 
different from all known Bovistas (minute fasciculate persistent 
spines). ...etc.’^ The plant recorded by Butler and Bisby (1931| 
should be therefore deBignsuted. Bovistella HenningsU Lloyd. The 
first record of Bovista plumbea Pers. is therefore the one now collected 
by Dr. R. E. Btewart from Kashmir. 

11. Bovistella lycoperdioides (Oke.) Lloyd, Mye. Writ, 2, 280, 
ifi. 87 (f. 6, 6), Aug. 1906 (as E. lycoperdoides) ] Alycenastmm 

lycoperdioides Oke. Grev. 13, 6, 1884 ; Scleroderma 

CooJcei de Toni in Saee. Syll. Fungorum^ 7, 140, 188. 

Peridium sub-globose or pyriform, with a well- developed stem- 
like sterile base. Exoperidium white, persisting in the ripe speci- 
mens as beautiful white specks ; endoperidium liglit-brown, opening 
by a well-developed mouth. 
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Glelba-olivaceGus-bro-wn ; capillitium olivaceous, of diclioto- 
raoxisly branched separate threads with tapering branches ; spores 
globose, 4- • 6-5*5 /X, smooth, pedicellate, pedicles 8 • 5-12* 6 p in 
length. 

Soiiamarg, Kashmir, 9,000 ft. Amongst moss. Leg. B. E. 

Stewart. 

The specimen has been variously referred to in the past by 
different writers. It was originally collected from Mia Valley, 
Garhwal, Himalayas (12,000 ft.) and described by Cooke as 
Mycenasirum lycoperdioides. It was later compiled by de Toni in 
Saccardo as Sderoderma Coolcei, with which it has not the remotest 
connection and is so recorded by Butler and Bisby (1931). It was 
not nntil 1906 that Lloyd examined the specimens at Kew and 
assigned it to its natural position. 

12. Bomstella bovistoides (Oke. and Mass.) Lloyd, Mye. 

4 ^ Notes, 247, 1906. 

Peridium globose, snb-globose or p 3 rriform, npto 3*2 cm. in 
diameter and npto 4 cm. in height, with a distinct rooting base. 
Exoperidinm breaking up into small granules -which fall off completely 
leaving the endoperidium smooth, of brownish colour. Bndoperi- 
dium papery -membranous, light or dark-brown, paler at the base, 
opening by an irregular torn aperture, 0*4-0 *8 cm. in diameter. 

Gleba-dark brown ; capillitium of free dichotomously branched 
threads with tapering branches, reddish-brown ; spores sub-globose, 
smooth, 4*2-5*6p,; pedicellate, pedicel nearly hyaline, curved, npto 
13*5 /X in length. 

Kulu ; Dalhousie— -Ohamba Boad.— Amongst moss. Common. 

S. Aiiinad. 

13. Calvatia gigantea (Pers.) Lloyd, Mye. Notes, 1. Lye, Aust, 
36,1905; Ly coper don giganteum MeiB., Syn. Fung., 140, 1801. 

Plants sub-globose to pyriform, npto 6 *3 cm. in diameter. 
Exoperidinm minutely furfuraceous, yellowish. Endoperidium light 
brown opening by a small torn aperture. Sterile base poorly 
developed and absent in some specimens. 

Gleba yellowish ; Gapillitium threads long, sparingly branched, 
septate, olivaceous; spores globose, 3 *9-5*2 /x in diameter, finely 
verrucose. 

Sonamarg, Kashmir (9,000 ft.). B. B. Stewart. 

Characterised by the absence of a diaphragm, by scanty sterile 
base and yellowish gieba. The specimens differ from the" typical 
forms in the peridium opening by a definite mouth and in not 
flaking away in small pieces. That is perhaps why it has often been 
reported as Ly coper don giganteum. The specimens also do not com- 
pare in size with European and American specimens which are often 
as big as being three feet in diameter. 
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14- Galdatia ccelata (Bull.) Morgan, Jour. Gin. 8oe. Wat. 

Hist., 12, 169, 1889. 

Peri dinm depressed-globose, 12 cm. in diameter and 4*2 cm. 
in beigbt. Exoperidium areolated into thick conical warts ; endo- 
peridinm thin, smooth, pale below and dark-brown above, opening 
by a well-developed lacerate month, of darker colonr than the rest of 
the peridinm. Sterile base well developed, becoming split from the 
base upwards into small recurved lobes in the specimen at iiaiid, 
thus assuming the form of a huge Geaster. 

Gleba not at all pulverulent, but forming a light cohesive spongy 
mass, bay-brown ; capillitium threads branched, occasionally with 
a wavy margin, Sudan Brown (Eidgway), 3 •6-5* 5.8 ja in diameter ; 
spores globose or sub-globose, 4 *65-5 *58 in diameter, epispore 
Sudan Brown (Eidgway), smooth. 

Babeh Pass (18,000 ft.) ; Bashahr State.— On the ground. 

Leg. S. Ahmad. 

The specimen shows some differences from the description of 
other authors. The gleba is not pulverulent, whereas Lloyd states 
(1905, p. 36) that ‘‘the gleba of this species has very little cohesiveness 
and falls out from the specimen so readily that they are usually 
the dirtiest puff-balls we receive The capillitium threads are of 
almost the same diameter as the spores, while according to Kambly 
and Lee (1936) and Lloyd (1905, p. 36) they are “ two or three times 
as thick as the spores.*’ In this character it resembles G. Cranii- 
formis, but it differs from it in the nature of the exoperidium and the 
size of the spores. 
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IMPORTANCE OF GROWTH-PROMOTING 
SUBSTANCES IN THE METABOLISM OF 
PYTHIUM INDIGOFERAE BUTLER 

By E. K. Saksena 

(Botany Department) University of Allahabad) 

Beceived for publication on February 19,1941 
Inteoduction 

It was Pasteuri^ wlio introduced tbe use of syntbetic nutrient media 
and since then a large amount of work bas been done with a view 
to determine tbe elements essential for tbe growth and reproduction 
of fungi. In tbe preparation of synthetic media usually a nitrogen 
source, a carbon source and certain essential minerals are provided. 
It is now well known that many fungi are unable to grow in such 
synthetic media unless small quantities of certain other substances, 
known as accessory growth substances, are added. Thus fungi 
may be either autotrophic or heterotrophic with respect to accessory 
substances, the former are able to synthesize the accessory substances 
from the simple ingredients of the synthetic media, while the 
latter must be supplied with them from the outside. 

A large amount of data has been accumulated by various 
workers indicating the necessity of an extraneous supply of growth- 
promoting substances for many fungi. Early work on the subject 
has been well summarized by Bonner,^ Lilly^^ and Steinberg.^i 
The recent contributions on the subject are those of Hawker,®*® 
teonian and Lilly and of Bobbins. 

In a previous paper^® the writer communicated that Pytliium 
indigoferos did not grow in a medium containing K2HPO4, MgOlg* 
6 HgO, H2SO4, pure dextrose and distilled water and 

wrote, It is remarkable that Fythium indigoferce grows only where 
peptone is available as source of nitrogen. It is possible that the 

fungus does not grow on account of the lack of an accessory 

factor in the medium. It is also likely that it requires a fairly 
complex nitrogenous substance like peptone as source of nitrogen.’’ 
The present investigation is an attempt to extend our knowledge 
concerning these problems. 

Expeeimental Methods 

The methods used were in general those of the early papers. 
Experiments were run in triplicate and each experiment was repeated 
at least once. As far as possible guaranteed reagents were used. 
Thiamin (Yitamin E^) was obtained from Merck & Oo. Since yeast 
extract could not be obtained Eleischmann’s pure dry yeast (from 
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A. H. ThoiuaB Co., PMladelpMa, U.S.A.) was used. It was well 
ground before it was added to the media. The basal inedinni, 
which will afterwards be referred to as medium Ay consisted of 
0-5 gm. each of K 2 HP 04 y MgOlg.O 11^0 and 5 -O gm. of pure 

dextrose (dextrosol of Oorn Products Co.) and 1000 c.c. of distilled 
water. It has already been demonstrated that dextrosol 

is free from the significant amount of thiamin, pyrimidine and 
thiazole. Yeast and extracts of casein and lentil were added to 
media before autoclaTing while tliiamin was added after auto- 
• claving. The range of temperature during the experiments was 
25'’-“30‘' C. The medium for the source of inoculum was agar (from 
Messrs. Towiison and Mercer, Ltd., London). The hydrogen-ion 
concentrations of the acidic nutrient solutions were adjusted to 
pH 7 before autoclaving. For the solidification of media Difco bacto- 
agar was used. 

The methods used by Parries and BelP for hydrolysing peptone 
and casein, preparing the synthetic protein and for extracting the 
active substances from butter-milk were adopted. 

A mixture of amino-acids was prepared after the method of 
Leonian and Lilly.® It consisted of arginine, glutamic acid, asparatio 
acid in 2 parts each, alanine and glycine in one part each. 

The writer is thankful to his colleague, Dr. E. H. Tandon, who 
kindly gave lentil extract prepared according to the process used by 
Buston and Pramanik.® 

Growth in hydrolysed peptone . — ^Difco bacto-peptone (10 gms.) 
was gently warmed for one hour with four times its weight of 22*5 
per cent, pure sulphuric acid, after which it was heated under a 
reflux condenser for 24 hours. The liquid, while still hot, was 
neutralized in order to prevent the formation of piperazines. The 
liquid was diluted to five times its volume and a hot saturated solu- 
tion of baryta was added. To recover the greater part of nitrogen 
the precipitate was washed by boiling with distilled water. The 
combined filtrates and washings were made faintly alkaline and 
finally the last traces of baryta were precipitated with dilute sul- 
phuric acid. The total volume of the liquid thus obtained came to 
435 c.c. of pH 5*1. 

The first problem was to determine wheth& the fungus required 
a fairly complex nitrogenous molecule such as peptone, or whether 
it would grow in a mixture of its simple hydrolytic products. The 
results of experiments showed that the organism grew well in hydro- 
lysed peptone and also in the medium A, to which the hydrolytic 
products were added. These results clearly indicate that it does 
not require a complex nitrogenous molecule like peptone. 

Growth on a synthetic The next problem was to find 

out whether the fungus would grow on a synthetic protein (a mixture 
of amino -acids) with constituents approximate^ equivalent to those 
of Lactalbuniin, according to the analyses of Jones and Johns J 
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Tlie syntlietic protein consisted of 


Mono-amino-acids 
Dicarboxjdic acids 

C3"clic compounds 
Protein bases 


( i^lycine 
<1 Alanine 
I Leucine 

Glutamic acid 
Asparatic acid 

{ Proline 
Pbenylalariine 
Tryptophane 
Tyrosine 


The following media were prepared :• 


.. 0 * 25 % 

.. 0 - 25 % 

.. 0 * 25 % 

.. 0 * 18 % 
.. 0 * 18 % 

.. 0 * 13 % 

.. 0 * 05 % 

.. 0 * 03 % 

0 * 05 % 
.* 0*67% 


B. 0-5 gm. of synthetic protein + 50 c.c. of distilled water. 
0. Medium B + Bifco bacto-agar 2%. 

D. Medium A -f- synthetic protein 0*2 %. 


ISTone of the media so prepared gave any growth of the fungus. The 
results show that the synthetic protein lacks in some accessory 
growth substances, which are essential for the growth of the organ- 
ism and which are present in the hydrolytic products of the Difco- 
bacto-peptone. 


On account' of the difficulty and expense of obtaining sufficient 
quantities of the various costly amino-acids the synthetic protein 
was used in low concentration and the number of repeat experiments 
had also to be reduced. 


Effect of thiamin on groivth, — To medium A was added 0*2 
per cent, of XH4lsr03 and 10 c.c. of this, in each case, were mixed 
with a sterile solution of thiamin (giving 2 international units per 
tube in one set of experiments and 10 units in another), hlone of 
these nutrient solutions was found favourable for the growth of the 
fungus. 

The experiments were repeated with the addition of the mixture 
of amino-acids (0*1 gm. per 100 c.c. of the nutrient solutions) but 
the results obtained were the same. Prom these results it is clear 
that neither the addition of thiamin nor of thiamin and amino - 
acids induces growth. 


Effect of casein extract on growth,— 1^00 o.a, of ’ 95 per cent, 
alcohol were slowly added to 500 c.c. of butter -milk, which was 
stirred with a glass rod, and the whole was filtered. The precipi- 
tate was taken up in water and reprecipitated thrice, finally washed 
with alcohol and dried. This will be referred to as casein. It was 
hydrolysed in the usual way. 

All the alcoholic filtrates were mixed together and were evapo- 
rated to dryness, treated with absolute alcohol to precipitate the 
last traces of casein and filtered. (The alcoholic filtrates contained 
a good amount of salts, which precipitated on evaporation. These 
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vere discarded.) The filtrate was freed from alcohol and evaporated 
down to 250 c.c. This liquid -will bo referred to as casein extract. 
The following media were nsed : — 

E. Blitter milk. 

E. 5*0 gm. casein + 100 c.c. distilled water. 

G. 100 c.c. medium A -f 0*2 gm. casein. 

H. Hydrolysed casein. 

I. 100 c.c. medium A + 0*2 gm. HH4HO3 + ^ casein 

extract. 

J. 100 c.c. medium E + 5 c.c. casein extract. 

K. 100 c.c. medium G + 5 c.c. of casein extract. 

L. 100 c.c. medium H + 5 c.c. of casein extract. 

M. 0*5 gm. synthetic protein + 50 c.c. of distilled water -f 

2-5 c.c. casein extract. 

In another set of experiments Bif co bacto-agar 2 % was added 
to these media. 

The results of experiments indicated that P. indigofem was 
capable of growing well in butter-milk, and in those media in which 
the source of nitrogen was either HH4HO3 or the casein, or the 
hydrolysed casein, or the synthetic protein, only when the casein 
extract was added to the mediae and that it i3ref erred the casein to 
NH4KO3 as source of nitrogen. It did not give appreciable growth 
in media F, G and H. It is clear from the above results that 
(i) the casein extract contains some active growth-promoting sub- 
stances in the absence of which the fungus can not grow, (ii) the 
organism does not require a complex nitrogenous substance such as 
casein, as is shown by the fact that it grows in the hydrolytic pro- 
ducts of casein provided the casein extract is" added as in 
medium L, and (iii) the synthetic protein lacks in the active 
substances for growth. 

Effect of lentil extract and yeast on growth. — In a previous paper^® 
it was communicated that P. indigoferce was incapable of growing 
on Bifco bacto-agar but the results of the present experiments show 
that the addition of small quantities of the lentil extract or yeast 
to the bacto-agar, to medium F and also to medium A con- 
taining as source of nitrogen, induce the growth of the 

fungus. In 0 '005 gm. of the yeast per 100 c.c. of distilled water it 
did not grow but when this amount was added either to 100 c.c. 
of 2% bacto-agar or to 100 c.c, of medium A (with HH4 HO3) 
it grew, though poorly. The minimum quantity of yeast 
required for a fair growth of the fungus was 0-01%. 

It is now a well-established fact that the lentil extract contains 
accessory growth factors® and that outstanding among the known 
compounds of the yeast are the members of the vitamin B complex 
and amino-acids.® 
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COKCLTJSIOI^ 

PytMum indigoferw is one of tliose fungi wMoli do not respond 
to tMainin only and wMch require an external supply of a complex 
of growth-promoting substances. Leonian and Lilly ^ have demon- 
strated that Goprinus lagopus, Nyctalis asterophora, Pilaira moremii 
and Pleurotus eortioatus require a mixture of certain amino-acids 
besides thiamin, and that Allomyees javanieus, Aseobolm mriduluSy 
Ashby a gossypii, Geratostomella multi-annulata^ Bipodoascm uninu-^ 
eleatm, Opliiobolus orydnus, Saprolegnia parasitioa,. Sordafia fimimla^ 
Spormoia intermedii and Ihraustotheea elamta grow only when the 
yeast extract is added. According to Schopfer and Blumer^® 
Ustilago zew, U, tritiei, Z7. lems, U. nuda, U, hordei^ U. menWf 
U, bromivora and Z7. longissima and according to Hawker® Melmo- 
spora destruens^ Fodospora corvnla^ Bordaria and 8 , fimicola 
are not benefited by thiamin. 

SUMMABY 

1. Pythium indigoferm does not grow on a synthetic 
medium in which the source of nitrogen is not peptone. 

2. It does not require a complex nitrogenous molecule as such, 
as shown by the fact that it grows on a medium in which peptone 
is completely hydrolysed to its constituent amino-acids. 

3. While there is good growth on peptone and hydrolysed 
peptone there is no growth on a mixture of amino-acids which is 
representative, as far as possible, of the hydrolytic products of a 
complete protein. 

4. The addition of thiamin to the synthetic medium, in which 
the source of nitrogen in amino-acids or ammonium nitrate, does 
not induce growth. 

5. The fungus is capable of growing in butter-milk, but the 
utilization of casein of butter-milk is conditional on the presence of a 
growth -promoting substance, which is easily separable from the 
milk by alcoholic precipitation. 

6. The organism can grow on a synthetic medium, in which 
the source of nitrogen is ammonium nitrate, when casein extract 
or lentil extract or yeast is added to the medium. 

7. The results of the experiments clearly show that the 
organism does not respond to thiamin, but requires an extraneous 
supply of a complex of growth-promoting substances for its growth. 
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A NEW GYMNOSPORIA FROM BASTAR 
STATE, INDIA 

Gymnospotia Bailadillana Narayanaswami et Mooney 
spec. nov. (Celastraceae — Celastreae) 

By V. Narayanaswami 

Botanical Survey of India 
Received for publication on March 12, 1041 

GYMNOSPOEiiE Falconer! affinis, sed ab ea partibus omnibus 
glabris, foliis elliptico-ovatis, pedunculis pauci-flororuni cymorum 
brevissimis, fructibus majoribus distinguitur. 

From a shrub to a small tree, up to 7 metres high ; branches 
with few short slender straight axillary thorns or sometimes 
almost thornless, thorn 3-13 mm. long ; branches dark violet to 
dark brown, striate, irregularly angled near the tips, sometimes with 
numerous white lenticles on some branches, quite glabrous or indis- 
tinctly canescmt; leaves simple, alternate, 5-9 cm. long by 
2-5*2 cm. broad, shortly petiolate ; petiole 5-8 mm. long, jointed 
below, lilacy white, turning brown later ; leaves elliptic to elliptic 
ovate, obtuse or shortly obtusely acuminate, seldom acute, base 
cuneate, margin minutely glandular crenulate ; main nerves up to 
15 ; midrib lilacy white, turning brown later ; finely reticulate on 
both sides, glaucous above, sometimes shining above and greenish 
brown, brown below. Inflorescence in short peduncled simple or 
dichotomous cymes of three or less small flowers ; peduncles 
axillary, from old leafless axils or at the base of short lateral 
leafy or leafless branchlets ; solitary but more often in fascicles 
of two-four ; bracteate and bracteoiate ; bract and bracteole, 
minute less than a mm. long, reddish browm, ovate and minutely 
fimbrillate on the margins ; peduncle up to 5 mm. long, lilacy 
white, turning brown ; pedicel clavate, jointed below, 5 mm. 
long; bud 3mm. long, oblong or globose; sepals 5, imbricate, 
1 mm. long, broadly ovate, round obtuse, minutely ciliate at the 
margin ; petals 5, 3 mm, long, imbricate, oblong, truncate below, 
round obtuse above, minukly crenulato-serrulate on the round tip, 
white with orange centre; stamens 5, inserted below the orange 
coloured disk and alternate to the petals ; filament 2 mm. long, 
anther oblong or round, less than a mm. long, basifixed, disk 
thick, 5 crenate lobed ; ovary 3 celled, half or fully sunk in the 
fleshy disc ; 2 ovules in each cell ; style 3 lobed, lobes bifid ; 

4 
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stigma simple mimite ; fruit 3 lobed obtriaiigular lociilicidal 
capsule, 6-7 min, long, up to 10 nun. broa^d, sliglitly depressed 
above in tlio centre, euneate belov/, more or less transversely 
striate dorsaily, reticulate at the margins ; dehiscence looulicidal 
from above ; seeds 2 in each cell, collateral ovoid, sliiniugj 
arillate ; aril completely covering young seed, splitting irregularly 
whoii mature, loosely hanging at the base of the seed. 
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Type. H. Mooney No. 890 from Bailadiila Hillj Bastar State 
(Orissa) (in tbe Calcutta Herbarium). 

Other collections are H. F. Mooney Nos. 390 and 900. 

In tbe dark glens and sliady ravines or in open moist valleys 
on the Bailadiila Hill of tbe Bastar State in Orissa, between 3000 
and 3500 ft. elevations, * 
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Introduction 

In 1905, Christen Eaunkiaer pnblislied. the first compTehensive 
account of a Life-form System of plants which remains to-day in 
principle, the same. This system is simple and different from all 
previous life-form systems (except that of Krause) by being based 
mainly on only one single feature, namelj, “ the protection of the 
bud of the shoot-apices to the unfavourable season”. Theoretically 
he defined the life-form as “ the sum of the adaptation of the plant 
to the climate ”.29 

Baunkiaer worked out his life-form system with the definite 
purpose of using the flora of a given tract of a country as an exact 
indicator of its climate, for he firmly believed “ that the plant- 
climate is characterized by the statistics of life-forms, that is to say, 
that the life-forms best adapted to a certain climate will form a 
higher percentage of the flora than others” .29 

On the basis of extensive investigations of the life-form com- 
position of various floras, he attempted to define the main plant- 
climates of the earth according to the percentages of the various 
life-forms. Thus he distinguished four main plant-climates : — 
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(1) Piiaiieropliyte-climate in tlie tropics. 

(3) Ttieroplayte-climate in the winter rain regions of the 
tropics. 

(3) Hemicryptopliyte-climate in the greater part of the cold- 

temperate zones. And 

(4) Chamsephyte-climatein the cold zones. 

While the first three plant-climates were characterised by a 
larger percentage of phanerophytes, therophytes and hemicrypto- 
phytes respectively than any other life-form percentage in the 
respective floras, the chamsBphyte-climate was characterized by a 
higher percentage of chamsephytes than its corresponding percent- 
age in the hTormal Spectrum. Eaunkiaer called the statical con- 
spectas of the life-forms of a flora, that is to say, the percentage 
distribution of the species among the life-forms of any flora, a 
Biological Spectrum ’’ or Phyto-climatic S|>ectrnm ” and he 
further defined the normal Specif as the percentage relations 
between the life-forms of all the phanerograms of the world ” 
(m, p. 429). 

Thus Table I represents the biological spectra of four regions 
together with their corresponding Plant -climates. 

The climatic features of each of the above four regions areas 
follows :* — 

(1) In the tropical region, the climate is constantly warm 
and constantly moist, that is to say, both the temperature and 
precipitation curves are high ail the year round. This is seen in the 
Hydrotherm Figure for a tropical region. The hydrotherm figure 
for any region according to Eaunkiaer is a figure showing the 
relationship between the temperature curve, plotted in degrees 



*Fig. 1. Hydrothemi figure for the East Coast of Sumatra 


* Pigs. 1, 2 and 3 are based on Pigs. 2, o and 1 respectively from “The 
Life-forms of Plants and Statistical Plant Geography, by C. Eaunkiaer, 
•Oxford/University Press. , , 
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ceEtigrade and tlie precipitation (rain) curve, plotted in centi- 
metres, in tlie same graph. Unfortunately the hydrotlierm figure 
for St. Thomas and St. Jan are not known. As such the hydro- 
therm figure for a climatically alike place like Sumatra indicates 
that the conditions there are favourable throughout the year, 
there being no unfavourable season. As Plianerophytes are the 
least protected among all plants, they are found in those portions 
of the earth which are most favoured climatically or using 
Eaunkiaer’s expression Phanerophytes are predominantly plants 
of favourable climates”. The hydrotherm figure for Sumatra 
should therefore correspond with that for St. Thomas and 
St. Jan. 

(2) In the sub-tropical winter rain region, both the tempera^ 
ture and the precipitation curves show a conspicuous trough but 
the trough of the latter occurs at a difierent season from that of the 
former, thus causing a dry summer and a more or less humid winter. 
Therophytes which occur in this region are plants of the favourable 
season or summer plants,” as Eaunkiaer pnts it. They survive 
the unfavourable season in the form of seed and complete their 
life-cycle within a single favourable season. The hydrotherm figure 
for South Italy (Temperature curve is that of l^aples) indicates 
these features of the Sub-tropics, and as such should correspond 
to that of the Death Valley, California, for which the Biological 
Spectrum is given in Table I. 



(3) In the cold-temperate regions, the temperature curve 
demarcates the region, as the precipitation is usually high in relation 
to the^ temperature. Hemicryptophytes which grow predomi- 
nantly in this region are able to survive the unfavourable season 
as their buds are actually embedded in the ground. In this case 
the hydrotherm figure for Denmark is given. 
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Fig. 3. Hydrotkerm figure for Denmark 

(4) In tlie fourtli region, tliat is to say in tlie cold zone, tlie 
tempemture curve demarcates the region. The precipitation may 
be sufficient to produce a covering of snow in the winter, but as the 
buds or shoot-apices in Chamgephytes are situated quite close to 
the ground, the snow protects them in winter from the severity of 
the unfavourable season. Similarly in warm and w^arm temperate 
zones with a dry season, the withered remains of the plants on the 
surface of the ground protect the buds of ChamjBphytes. Here the 
hydrotherm figure for Jan Meyen is given. 



So far no work in India has been done on Eaunkiaer’s system 
except by Borgesen'^ who in 1929 published Hotes on the 'Vegeta-. 
tion at Dwarka”. The author spent only eight days in that place 
and candidly admits that he only made quite short excursions of 
not more than a mile or so from the bungalow where he stayed. 
And to quote his own words ‘T also want to point out that even if 
I tried to collect all that was growing there, I am of course far from 
having found everything or even almost everything, this also being 
due to the fact that the plants growing there often were very 
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diminutive and therefore easy to overlook.” Thus the -work done 
in India is based upon a snaall number of species (28 in all) from a 

very restricted area. 

To test Eannliiaer’s tlieory, it was necessary to choose such 
areas that contained sufficient or naore or less complete floristic 
and climatic data. Such areas are very few in India due to the 
absence of local floras and lack of sufficient meteorological stations. 

The two hill-stations of Matheran and Mahabaleshwar afforded 
good opportunity to test the above theory since these places are 
limited in their boundaries and their flora and climatic data are 
fairly known. 

The present work on the life-forms of the plants is based upon 
the following floras mentioned in the bibliography : 2, 3^ 5, 6, 
12, 13, 14, 16, 17, 20, 21, 22, 24, 25, 27 and 30. 

1. Eaunkiaer's Life-form System 

Eaunkiacr distinguished the following ten types with their 
subdivisions in his life-form system (19) : — 

A. Phanerophytes == Ph. Plants in which the surviving 

buds or shoot-apices project into the air on stems more 
than 25 cm. above the soil level. 

I. Megaphanerophytes = MM. They are Ph. in which 
the aerial shoots rise above the soil level. 

(1) Evergreen megaphanerophytes without bud-scales. 

(2) Evergreen mesophanerophytes without bud-scales. 

(3) Evergreen megaphanerophytes with bud-scales. 

(4) Evergreen mesophanerophytes with bud-scales. 

(5) Deciduous megaphanerox^hytes with bud-scales. 

(6) Deciduous mesophanerophytes with bud-scales. 

II. Microphanerophytes =M. They are Ph. in which 
the height of the stem varies from 2'“8m. 

(7) Evergreen microphanerophytes without bud-scales, 

(8) Evergreen microphanerophytes with bud-scales. 

(9) Deciduous niicroxihanerophytes with bud-scales. 

III. liranophanerophytes = K. They are Ph. in which the 
stems are under 2 m, in height. 

(10) Evergreen nanophanerophytes without bud-scales. 

(11) Evergreen nanophanerophytes with bud-scales. 

(12) Deciduous nanophanerophytes with bud-scales. 

(13 ) Herbaceous phanerophytes . 

IV. (14) Epiph^^tic phanerophytes — E, 

V. (15) Succulent-stemmed phanerophytes = S. They are 

Ph. which have succulent stems without proper 
foliage leaves. 
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B. VI, Chamsephytes =>= CJi. Plants wliose 'biids destined to 
siirviye tlie unfaToiu^able season are situated on sboots 
wMcli lie on tlie surface of tbe ground, or not more tban 
25 cm. above it. 

(16) Half-slirub eliamsepliytes (siiffrutescent cbamge- 

pbytes). Aerial sboots orthotropic, more or less 
erect, not forming cushions. 

(17) Passive cliamsephytes. Aerial shoots orthotropic, 

but lying down on the gToiind because of their own 
weight. 

(18) Active cliamsephytes. Aerial shoots plagiotropic 

and prostrate. 

(19) Cushion -plants. 

0. VII. Hemicryptophytes = H. Plants whose surviving buds 

are situated in the soil surface, protected by the sur- 
rounding soil and by the \yithered remains of the plant 
itself. 


(20) Proto -hemicryptophytes. Without leaf-rosettes. 

(a) Without runners, {b) With runners. 

(21) Semi-rosette Plants. With a basal leaf -rosette and a 
leafy stem. 

(a) Without runners, {b) With runners. 

(22) Eosette Plants. With a basal leaf-rosette and a 

leafless or nearly leafless stem. 

{a) Synipodial rosette-plants. 

1. Without runners. 2. With runners. 

(i[^) Monopodial rosette-plants. 

1. Monopodiuni with foliage-leaves but no scales. 
(a) Aerial shoots with leaves. 

(^>) Aerial shoots without leaves (only with 
flowers). 

1. Without runners. 2. With runners. 

2. Monopodium with both scales and foliage- 
leaves. 

(a) Without runners. (5) With runners. 

3. Monopodium with scales only. 

D. Grj'ptophytes. 

VIII. Geophytes = G. 

(23) Ehizome geophytes. 

(24) Stem-tuber geophytes. 

(26) Eoot-tuber geophytes. 

(26) Bulb geophytes. 

(27) Eoot (bud) geophytes. 

IX. Helophytes and Hydrophytes == HH. 

(28) Helophytes. Vegetative shoots projecting into the 

(29) Hydrophytes. Vegetative shoots submersed in 

water. , / 
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E. ' ' . Therophytes = Til, 

For statistical purpose, Eauukiaer made use of only tke abo¥e 
ten main life-forms. 

2. Physical Featuees of Matheean and Mahabalbshwae 

Topographical — Matlieran is one of tlie Mils in tke 

Kolaba District and is situated in 18° 58' latitude and 73° 18' longi- 
tude, and is only 30 miles east of Bombay when measured in a 
straiglit line but 61 miles by rail. 

Matheran covers an area about 8 square miles. It is composed 
mainly of three fiat-topped MU ranges, the central being the largest. 
It is about half a mile in breadth and extends north and south from 
the narrow ridge of Hart Point to Chowk Point respectively. The 
two other ranges stretch out on either side like wings and run more 
or less parallel with the main hill eastwards and westwards, con- 
nected only to the central range by narrow necks. The eastern 
range extends over two and a half miles from Panorama Point in the 
northwest to Gar but Point in the southeast, while the western or the 
smallest range covers only one and a half miles and extends from 
Porcupine Point in the north to Louisa Point in the south.i® 

Mahahaleshwar is one of the four Mils in Javli, which is one of 
the eleven subdivisions of the Satara DivStrict, It lies in 17° 51' north 
latitude and 73° SO' east longitude, about 18 miles north-west of 
Medha, 20 miles west of Wal and 33 miles north-west of Satara. It 
is the chief health resort of the Bombay Presidency. 

The five ranges which constitute the Mahahaleshwar Plateau 
are the northern ranges of the Krishna Valley, the north-western 
and the western ranges of the Koyna Valley, the southern ranges of 
the Blue Valley, and the eastern ranges of the Yenna Valley 

In height Mahahaleshwar is nearly twice that of Matheran ; as 
the latter is only 2,650 ft. above sea-level, and the former is 4,500 ft. 

Geological Features. — Both Matheran and Mahahaleshwar hills 
consist of layers of trap of varying thickness overlaid by a light 
capping of iron clay or laterite. The trap is usually columnar and 
often accompanied by crystallised quartz, apophyllite, natrolite, 
stilbite, and other minerals. The iron clay or laterite is highly porous 
and absorbent. Its density and colour varies at different places, 
being red with brownish and yellp wish spots in the fresh state. 

The soil is made up of red clay formed by the disintegration of 
the laterite, 

Glimatie Both Matheran and Mahahaleshwar exhibit 

a healthy and pleasant climate and as such are health-resorts. 

Their respective climates can be judged from the records given 
below of the mean monthly and annual rainfall, for an average of 
32 years (Table 11), the mean monthly and annual temperature for 
1937 (Table III) and the mean monthly and annual humidity for 
1937 for Mahahaleshwar only (Table IV) ; the corresponding 
humidity data for Matheran could not- be obtained. 


Mean monthly rainfall for Maiheran and MaJmba^eshwar in cm. 
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By combining tbe above data of rainfall and temperature, ife 

get tlie liydrotlierm figures for eacli place. 



Fig. 5. Hydrotherm figure for Matlierau 



Fig. 6. Hydrotherm figure for Mahabaleshwar 

Temperature curve. 

— •———• Precipitation curve. 

Thus on looking at the hydrotherm figure for Matheran, it will 
be seen that the variation in the mean annual temperature is betw'een 
19-8'^ 0., and 27*7° 0., i.6., a variation of 10® only. Thus from the ^ 
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temperature pomt of yiew, tlie climate of Matheran may be con- 
sidered very favourable. The rainfall on the other hand is not so 
evenly distributed. It varies from 0 -1 cm. in February to 213 cm, 
in July. But the one thing that comes out from the study of this 
graph is that the annual precipitation is very high being 602 cm, 
which falls mostly during the period of five months, June to 
October. However, there is slight rain in November, Beceiabery 
January, February and April, and this is sufficient to keep the 
humidity of the atmosphere high and to favour the growth of vege- 
tation. That this is true can be seen from the practically constant 
temperature graph and from the fact that the vegetative activity 
continues throughout the year. The principal shrub layers composed 
of Strohilmitlies p erf oUatus Aners, 8. Eeymanus FTees and 
Bcelimeria platyphylla Tolb, are always in leaf and though there are 
certain plants which die during one part of the year yet there are 
others which replace them immediately. Thus, for exanipie, 
Paraearyum mUstinum Benth. begins to shoot during the monsoon, 
Sowers in October and continues to do so in February and March, 
and finally dies down for two months. The grasses which also 
begin their vegetative activity during the monsoon, flower in August 
and September and then dry up in October and November. iSut 
these grasses are to be found only on exposed areas where the trees 
have been cut down. Actually under the canopy of the forest, due 
to very low intensity of light, no grasses are to be found, but only 
sedges emd ferns, and these thrive right np to January or even 
February. 

Thus it will be seen that practically throughout the year, the 
climatic factors favour the growth of vegetation and one cannot 
here speak of any unfavourable season except perhaps for a very 
short period during March when the rainfall is practically nil. 

Mahabaleshwar has also most of the characteristics of Matheran. 
Like the latter, it has a very high annual precipitation and fairly 
high and constant temperature curve. The comparison of the 
hydrotherm figures 6 and 6 show the same type of curves except 
for the precipitation in July which is greater by 70*7 cm., due no 
doubt to the higher altitude of Mahabaleshwar. 

In discussing the hydrotherm figures of the principal plant 
climates, Eaunkiaer says if the yearly precipitation is fairly high, 
the vegetation can well tolerate a falling off of the precipitation 
curve for a ein^gU month to below 5 cm. without causing essential 
change in the composition of the flora as far as life-forms are 
concerned.’’-® 

This statement is based on the hydrotherm for Batavia.^^ 
When the hydrotherm figures for Matheran and Mahabaleshwar are 
considered, it is found that the rainfall of these places falls below 
5 cm, for more than one month without changing the vegetation 
picture. Thus Eaunkiaer’s statement may he modified to if the 
yearly precipitation is very high, the vegetation can tolerate a 
falling ofl of the precipitation even for more than a single month”. 
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Tlius it is right to say that both Matlieran and Mahabaleshwar 
possess no dry or unfavourable season. 

3. Biological Spectra for Matheran and Mahabaleshwar 

Such regions under so favourable conditions of rainfall and 
temperature are bound to be characterised by a luxuriant tree growth 
or in the terminology of Eaunkiaer they would be characterised as 
having Phanerophytic plant-climates. That this is so, is borne 
out by the biological spectra given in Table Y. 

Prom Table Y, it will be seen that of the total number 
of plants found on these hills, 52-2% and 48 *2%-' are made up 
respectively by the Phanerophytes and the ijTanophanerophytes 
taken together. The group next in importance is the Chamaephyte 
which forms 17 -2% and 19*6% respectively of the total number 
of plants. The percentages in all these groups exceed the corres- 
ponding figures in the Hormal Spectrum as can be seen in Table Y, 
Thus the plant climate may be characterised as totally Phanero- 
phytic or Kanophanerophytic. To decide this question the follow- 
ing Eaunkiaer^s formula may be applied here. 

% % 

where 1^^ stands for the percentage number of a life-form in the 
spectrum of the local flora and % for the percentage of the same life- 
form in the Eormal Spectrum, 1^ for the percentage number of the 
second life-form in the spectrum of the local -flora and % for 
the percentap of the same life-form in the ITormal Spectrum. 
On substituting the respective numbers of the two life-forms, 
Phanerophytes and ^anophanerophytes for each place, we get 
the following result. 

31*1 21*1 ^ 

28 ^ 

or 1-1 = 1-4 

28-6 19-6 ^ , , , , 

and for Mahabalesli'war 

or lO == 1-3 

Tbns in the former as -well as in the latter, the Phanexopliytes are 
less than the Nanophanerophytes. However it is possible to 
combine these two groups of life-forms into one and compare their 
percentage with their corresponding percentage in the Normal 
Spectrum. By doing so we decidedly get a Phanerophytic climate, 
the percentage number exceeding the'corresponding percentage in 
the Normal Spectrum by 9% and 6% respectively. 

This combination of the two life-forms is justifiable when we 
consider the fact that we have not divided the Phanerophytes 
into Micro-} NIoso-, and Mega-phanerophytes, and also the fact that 
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tile aTOrage lieiglit of the Phanerophytes in Matheran and Maha- 
baleshwar does not exceed 60-70 ft., that is to say there are no 
Mega-phanerophytes. Combining these two life-forms into one 
group has moreover been done by Eaunldaer while comparing the 
biological spectra of tropical places lik3 Seychelles, St. Thomas and 
St. Jan and Aden^^ and also by Allan in his study of Eew 
Zealand.^ See Tables VI and VII. 


Table VI 


Eegions 

No. of 
Species 


The percentage distribution of the species 
among the life -forms 


S. 

E. 

MM. 

M. 

N. 

Ch. 

H. 

G. 

1 

HH. 1 

Th. 

Seychelles 

268 

1 

3 

10 

23 

24 

6 

12 

8 

2 

16 

St. Thomas 
& St. Jan 

904 

2 

1 

5 

23 

30 

12 

9 

3 

1 

14 

Aden 

176 

1 

•• 

.. 

7 

26 

27 

19 

3 

•• 

17 

Normal 

Spectrum 

400 

1 

3 

6 

17 

20 

9 

27 

3 

1 

IS 


Table VII 

General Comparison of Normal and New Zealand Biological Speofra 


Regions 

No. of 
Species 

S. 

E. 

MM. 

M. 

N. 

Ch. 

H. 


HH. 

Th. 

Normal 








! 




Spectrum 

1000 

2 

3 

8 

IS 

15 

9 

26 

4 

2. „ 

13 

New 












Zealand 

1584- 

.. 

1 

3 

12 

17 

14 ; 

89 

5 

3 

6 

Normal 





Ph. 


Ch. 

H. 


Cr. 

Th. 

Spectrum 





46 


9 

26 


6 

13 

New 












Zealand 





33 

j 

14 

39 


s 1 

6 


The above study of the Biological Spectra of Alatheran and 
Mahabaleshwar in relation to their hydrotherm figures bring out 
clearly that both have a Phanerophytic plant-climate which is 
characteristic of the tropical regions. Within the regions of Phanero- 
phytes there are of course subdivisions which are characterised by 
their percentage of Mega-, Meso-, and Micro-phaneropliytes. In 
short as said by Eaunkiaer, ^ -the characteristics of ail tropical lands 
in which the precipitation is not too small, the centre of gravity in 
the biological spectrum is amongst the Phanerophytes. This is not 
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so as in any other climate. The tropical climate which is not too dry 
is expressed as a plant climate, a ‘ Phanerophytic Cliniate */^^ 

This resemblance in their plant-climate is further accentuated 
by similarity in their types of forests. Both belong to the Sub- 
tropical wet-evergreen hill forests^i and their climatic-climax vege- 
tation seem to be alike. 

In spite of the above resemblances, the two floras differ in 
certain respects for example Mahabaleshwar has a greater number 
of species than Matheran : 469 as against 361. This may be partly 
acconnted for by the ninoh greater area of the former (whereas 
Mahabaleshwar is 49,258 acres, Matheran is 5,000 acres only). 
Another point which may be emphasized is the percentage of 
Epiphytes which in Mahabaleshwar amounts to as iiinch as in the 
IJilormal Spectrum, namely 3%. In Matheran, however, it amounts 
to 1*4% only. This might be due to lower precipitation, lower 
altitude, and lower density of the trees as can be seen from the 
following table. 

Tablk VIII 



M ahabaleshwar 

Matheran 

Area . . . . 

49268 acres 

5000 acres 

Alti|ude above sea-level .. 

4710 ft. 

2650 ft. 

Density per acre . . .. 

1312 

994 

Precipitation in 1940 .. .. 

697 -7 cm. 

302 *5 cm. 


These figures are taken from the Working Plans^'^. of the 
respective places which were made in 1935 and 1932. 


SUMMABY AT^B CONCLUSIONS 

1. As no study was done in India on the basis of Baunkiaer’s 
Life-Form System, the present work was undertaken along with 
about five other places of the Deccan. 

2. The present bio-statical study was made possible due to 
the fact that both Matheran and Mahabaleshwar are limited in their 
boundaries and their fioristic and climatic data are fairly known 
and complete. 

3. The biological spectra for Matheran and Mahabaleshwar 
were then studied in correlation with their topographical and 
climatic features, and were compared with the Bpectra of other 
tropical lands and then the following conclusions are drawn : — 

(a) That both the places show decidedly a Phanerophytic 
plant-climate with 52 and 48 per cent, respectively of Phanero- 
phytes. 
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(J) That the method of representing plant-climates by 
biological spectra has proved satisfactory as far as the present 
study is concerned. 
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1. Introduction 

In 1905, E. E. Blackman’s® classical paper on Optima and limiting 
factors,” an ontgrowtli of Leibig’s Law of minimum” vras pnb- 
lislied. 

It lias been successfully shown by many workers that Black- 
man’s theory is not of general applicability. There is little doubt 
that conditions exist where more than one factor determine the 
rate of a physiological process in a plant. 

The results reported in this paper, along with other previous 
works, which will be mentioned briefly in the review of literature, 
prove that Law of limiting factors ” as postulated by Blackman, 
must now be understood as modified by Harder® and Lundegardli.® 

Our present ideas on the subject can be expressed very aptly 
in the unpublished words of Prof. A. E. Davis : “ A physiological 
process may be limited by one or more factors the degree of limitation 
effected being determined by the relative dominance of factor ; and 
as a corollary of this, where a process is limited by two or more 
factors, the nature and degree of the efieot produced is a function 
of limiting factor inter-relationship,” This is Harder’s® idea, but 
stated in more general terms, and in fact applicable to all physio- 
logical processes. 
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From the title of this paper it is clear that this problem, when 
reduced to simplest terms, really comes to finding the effect of two 
limiting factors and their inter-relationship upon the growth of 
Azolla sp. 

Only two factors, light and temperature were varied. The 
work was carried out under controlled laboratory conditions of 
light, temperature, air, culture solution, etc. Thus an environment 
was established which can be duplicated at will, and made it possible 
in turn to duplicate the results. Such a controlled environment 
permits the isolation of a single variable and a quantitative study 
of diverse physiological phenomena. 

Azolla filiciiloides is a common water fern in Galifornia. It 
belongs to the family Salviniacese. The leaves are arranged in two 
rows, each leaf is two lobed, and there are true roots. The sporo- 
phyte branches extensively and these lateral shoots readily separate, 
in this way the plants multiply with extraordinary rapidity. 

The reason for the selection of Azolla sp. for this work are : 
firstly it is available throughout the year, secondly, it is very con- 
veniently centrifuged in order to find the fresh weight, which was 
made the criterion of the relative growth in the experinient. The 
plants are easy to handle and are not injured, provided due care is 
taken. 

2. Eeview of Litebatuue 

A study of the inter-relation of conditioning factors, while 
working on photosynthesis led Blackman^ to formulate his ‘ Prin- 
ciple of Limiting Factors ’ which he stated in the following axiom : 
‘‘ When a process is conditioned as to its rapidity by a number of 
separate factors, the rate of the process is limited by the pace of the 
slowest factor.^^ This was supported by the work of Miss Mathael,^® 
Blackman and Smith^ and others. 

Boysen Jensen, ^ Lundegardh,® Harder,® and Warburg^s submit- 
ted the theory to a good deal of destructive criticism. 

There are two main points of difference between the view- 
points of Blackman and Harder, First, according to Blackman, 
there is a sudden change in the direction of the ascending curve to 
a horizontal one, when the limiting factor comes into operation, 
while Harder has shown that the curves are extremely regular and 
there is no suddden change of the ascending curve to a horizontal 
phase. Secondly, Harder believes, as opposed to Blackman, that 
the rate of a process is not governed by one factor and that alone, 
but is also conditioned by the intensity of others present in relative 
minimum. It will be seen from the results reported in this paper 
that Harder’s contention is supported by the work on Azolla sp. 

Lubimenko® found that in heliophilous plants the rate of the 
accumulation of elaborated material was increased with increase 
in the light intensity upto an optimum point, and that any increase 
beyond the optimum resulted in a decrease in the rate. Helio- 
phobous plants had the optimum at a much lower point than the 
heliophilous types. 
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Popp^^ showed that the yarious parts of the spectrum have 
very different efiiects upon the growth and reproduction of plants. 
His results, as a whole, indicate that, while ultra-violet rays are not 
indispensable, the bine-violet end of the spectniin is necessary for 
normal, vigorous growth of plants. His paper is of particular 
importance for those who have to use artificial light in physiological 
experiments. " ' 

Porter^s gbowed that light intensity seems to have a regulatory 
effect on the average amount of chlorophyll per unit leaf area. A 
light intensity averaging 1139*9 foot-candles daily during the growth 
of the tomato plants had a greater effect in promoting chlorophyll 
formation, fruit formation and photosynthetic efficiency than light 
of a daily average of 583 *1 foot-candles, this in turn had a similar 
greater effect than a daily average light intensity of 216 *0 foot 
candles. 

The results under discussion in this paper show that light 
intensity within certain range does increase the growth of Amlla 
and beyond that range, it has an adverse effect on the chloroplasts 
of the plants anff the plants suffer from too much illumination. 

Arthur, Guthrie and Eewell,^ working with thirty different 
species of plants, and lighc intensities of 350, 450, 760, 800, 1200, 
and 1400 foot-candles came to the conclusion that the time factor’^’' 
was important. The maximum carbohydrate increase was reached 
at higher light intensities in shorter length of the day, as compared 
with "the low intensities of light. The observations made during 
the work under report support the views of Arthur and Ms co- 
workers and will be discussed in greater detail in the later part of 
the paper under the heading of ^ time factor’. 

Plsetzer^^ defines the compensation point as the light intensity 
at which the respiratory and photosynthetic activities compensate 
each other and the gaseous exchange is consequently zero. The 
position of the compensation point of a plant in regard to temperature 
is naturally of great importance to the life of the plant and its rela- 
tion to the environment. As this point is dependent upon the rate 
of respiration, it varies greatly in different plants. It appears that 
the compensation point is lowered with decreasing temperature. 

In the light of this work, the paper under report brings out very 
interesting data and the signiffcance of compensation x^oint in 
Azolla sp. will be discussed below in some detail. 

Whereas the paper under report fully supports the criticism 
of Singh and of “ Limitations of Blackman’s Law of Limiting 
Factors”, it also upholds Harder’s Concept of relative minimum 
as applied to photosynthesis”. 

3. The Experibiental Teghxique 

Healthy and uniform Azolla plants were selected from a tank. 
The plants wore grown in one quarter strength Hoagland solution as 
used by Hoagland & Broyer,*^ in pyrex glass beakers. The solution 
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was clianged oEce a week. Tke beakers with plants were kept at a 
constant temperature in water-baths, the temperature of which 
was kept costant by electric mercury thermo-regulators. 

The light was supplied by gas filled Mazda lamps as recommended 
by Davis, A. E. & Hoagland, D. E.,^ varying from 25 W to 750 W, 
for 16 hours daily. A Hartford electric time switch of 220 volt 50 
ampere capacity was employed for controlling the daily illumina- 
tion period. It is clear that the whole arrangement was automatic. 

Fresh weight of the plants was taken as the criterion of growth. 
In order to find the fresh weight at the beginning and at the end 
of each experiment, the plants wre put in cheese cloth, moistened 
and centrifuged at the rate of 400 revolutions per minute for five 
minutes. The plants were again dipped in water and after centrifug- 
ing, weighed, till the last two weights agreed. This method is due 
to Hoagland and Broyer.^ 

The Temperature of the Plant, — The temperature of the baths 
was controlled by mercury thermo-regulators and the beaker con- 
taining plants were put inside vitex pipes, two feet in height and 
eight inches in diameter. The Mazda electric bulbs of different 
watts were placed on the upper side of the pipes in dome-shaped 
covers. 

The bulbs gave out heat besides light, which raised the tempera- 
ture of the plants. The vitex pipes had series of holes towards the 
bottom and top, through which water and air could freely circulate 
and thus keep the temperature of the plants down by keeping the 
temperature of the culture solution in the beakers to that of the 
bath. The temperature of the w^ater in the bath and the plants 
was both noted. 

The Light inte7isity,—Thxougliout the experiment, gas-filled 
Mazda electric bulbs were used and their light intensity measured 
with single phototronic cell, in foot-candles, under experimental 
conditions. 

The Proeedure, — Four lots of two grams each fresh weight of 
Azolla plants, were exposed to various intensities of light at a con- 
stant temperature for one week for sixteen hours daily. The tem- 
perature of the bath was changed by 5°0. every week. At the end 
of the week, the fresh weight was taken and thus the gain or loss in 
weight was noted. 

4. The Data 

Tables MV indicate the influence of temperature on the 
yield of Azolla sp., daily exposure period was sixteen hours, and the 
duration of each experiment was one week. 
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Table I 

Illmiination 35'36 Foot-Gandles 


Temperature of the 

Fresh weight 

Percent* 




1 


age of 
gain or 






Eemarks""' 

Bath 

Plants 

Initial 

After 1 

Toss in 


±o*r 0. 

iO-5®0. 

’ 1 

' one week 

one week j 



i 

gms. 

gms. 



5" 

6-5® 

2 00 

00 

19.5 

Upto 21® ± 0. 6®0. 
only, in this light 

10^ 

11® 

2-00 

3*12 

56-0 

intensity an in* 
crease in fresh 

15^ 

16® 

2*00 

3*23 

61*5 

weight took place 
and at higher 

20V 

21® 

2-00 

3-28 

64*0 

; temperatures there 
was a loss of 

25® 

25-5® 

2-00 

1-74 

*^18.0 

weight. 

o 

O 

CO 

30® 

2-00 

1-63 

-18.5 


35° 

35® 

2-00 

1*46 

—27 .0 



Table II 

Illumhiaiion 71 *86 Foot-Candles 


Temperature of the 

Fresh weight 

Percent- 
age of 


Bath 
±0*1® 0. 

Plants 
±0-5® 0. 

Initial 

After 
one week 

gain or 
loss in 
one week 

Eemarks 

5® 

7® 

gms, 

2 ‘00 

gms. 

2.45 

22-5 

In this light in- 

10® 

.■■11®, ',.■ 

2-00 

3.82 

91-0 

tensity there was 
an increase in 

. 15® ' 

■r. ■ j 

16*5® 

2-00 

4*21 

, 110.5 

weight upto 30 * 5 
i 0 *5® 0. At higher 

bO 

o 

o 

21-5® 

2-00 

4*58 

129.0 

temperatures there 
was a loss of 

25® 

26® 

2.00 

2-65 

32 .5 

weight. 

30® 

30*5® 

2.00 

2*44 

22-0 


35® 

35® 

2.00 

1*89 

- 5.3 
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TABLE III 

Illumination 122- & Foot-Candles 


Temperature of the 

Fresh weight 

Percent- 
age of 
gain or 
loss in 
one week 

Remarks 

Bath 
±0-1° 0. 

Plants 

±0-5°C. 

Initial 

After 
one week 

5° 

7*5° 

gms. 

2*00 

gms. 

2*56 

28*1 

In this light in- 

10° 

12° 

2*00 

I 4-67 

133*5 

tensity there was 
an increase in 

15° 

17° 

2*00 

CO 

164: *0 

weight even at 
35*5° C. 

20° 

22° 

2*00 

5-93 

196*5 


25° 

26*5° 

2*00 

3-80 

90 *0 


30° 

31° 

2*00 

3-31 

65*5 


35° 

35*5° 

2*00 

2-07 

3*3 



Table IV 

Illumination 191 -3 Foot-Candles 


Temperature of the 

Fresh weight 

Percent- 
age of 


Bath 
±0-1° 0. 

Plants 
±0*5° C. 

Initial 

After 
one week 

gain or 

losfc in 
one week 

Remarks 

5° 

9° 

gms. 

2*00 

gms. 

3*07 

53*5 

In this light in- 

10° 

13 *5° 

2-00 

5*79 

189*5 

tensity there was 
a greater increase 
in weight at 35° 0. 
as compared to all 

15° 

16 *5° 

2*00 

6*48 

224*0 

20° 

22° 

2*00 

7*09 

254 *0 

the previous cases. 

25° 

27*5° 

2*00 

4*62 

130*0 


30° 

31*5° 

2*00 

4*03 

101*5 


36° 

36° 

2*00 

2*18 

9*0 
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5 . Discussion 

Growtli is properly speaking an expression of tke metalbolism 
of tlie organism. It is difficult to describe it more aptly than to 
use F. E. Blackman’s phrase that the growth is the finished product 
of the metabolic loome. Prof. A. E. Davis expresses the same idea 
With the help of a simple equation (unpublished) as follows : — 

Y=E^-~-Fv 

Wiere Y represents the growth, and E^ represent photo- 
synthetic and respiratory energies respectively. It is clear that the 
value of Y will depend upon the gain of E^ over E^. 

Table I . — If we refer to Table I, we find that the low inten- 
sity of light, viz.^ 35*36 foot-candles nsed in the experiment was 
conducive to growth only np to about 22®0. (the temperature of the 
plants), but at higher temperature namely 25° 0. etc., there was a 
loss of weight to the extent of 18-27 per cent. 

This means that the plant gained less in photosynthesis and 
lost more due to respiration at 25"^ 0. At lower temperatures than 
22° C., the plant gained in weight even in the low intensity of 35*36 
foot-candles. It seems that the loss in weight due to respiration was 
almost constant from 25-30° C. but it increased at 35° 0. with the 
result that the plant lost 27 per cent, in fresh weight. 

The data of Table I throws light on the fact that low intensity of 
light helps in growth at lower temperatures, but at higher tempera- 
tures it becomes a limiting factor for growth due to the increased 
rate of respiration. 

Table II, — The data of Table 11 brings out the same points. 
With the increase in. the light intensity to 71*85 F.O., growrtb takes 
place even at 30° C., due to increase in photosynthesis, but at 35° 0. 
the rate of respiration increases and photosynthesis being unable 
to keep pace with it, results in the loss of weight. 

Tables III and IV . — The data of Tables III and IV indicates 
that the increased light intensity of 122*5 E.O., and 191*3 E.G. is 
able not only to compensate the loss in weight in respiration but 
also maintain growth even at 35 °C. 

Table V . — Table Y, summarises the data of the previous one 
to four tables. If the table is read from left to right, it becomes 
evident that at each intensity of light, the rate of growth goes on 
increasing up to about 22° 0. and after that there is a decrease in the 
rate of growth. On the other hand if the table is read from the top 
to the bottom, it can be seen that wdth the increase in the light 
intensity at all temperatures (5° G.-35° 0.), the rate of growth 
increases. It is, therefore, evident that the rate of growdh under 
these circumstances is dependent both npon the intensity of light 
and temperature. 

In the mathematioal equation : — 

Y=E^-E^ 

If then Y becomes zero. It is evident, as already 

discussed that the growth represented by Y, depends upon the value 
of (E^ en E^). It has, however, to be emphasised that the 
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photo-syntliesis and respiration are botli affected by a ebange in 
temperature and light intensities to different degrees. 

The rate of respiration relatively decreases mncli more at lower 
temperatnres than the rate of pliotosyntliesis, witli the result that 
growth at lower temperature is possible than at higher tempera- 
twee even in the low light intensities, as is clear from Table Y. 

With the increase in temperature, photosynthesis after reaching 
its climax does not increase further, but respiration goes on in- 
creasing in a geometrical progression, with the result, that even in 
the best illumination, with the increase in temperature, a decrease 
in weight takes place. 

Compensation point — If the light intensity is gradually increased 
from complete darkness, a point will be reached where the gaseous 
exchange with the atmosphere will become zero. If this state of 
affairs continues for a long time, then the plant will neither gain nor 
lose in weight. This point has been termed the '^ Compensation 
Point” by Plsetzer.^^ 

The position of the compensation point of a plant in regard to 
temperature is naturally of great importance to the life of the plant 
and its relation to the environment. 

The Inter-relation of the light and temperature factors * — The 
results of Tables I-IY are graphically represented in Pigs. 1 and 2 



Pig. 1. light intensity in Poot-caudles. Effect of change in light 
intensity on the rate of growth of sp. at different temperature. 



in 
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Mg. 2. Temperature of the Plants. Effect of change in temperature 
on the rate of growth ot AzoUa sp. in different light intensities. 

in the text. It may be mentioned here that the temperature of the 
bath was kept constant throughout tjie week but the temperature 
of the plants was higher during the period of illumination and this 
higher temperature is also shown in Tables I-IV. 

It seems clear from the data presented in this paper that at 
least two primary limiting variables influence the form of the ascend- 
ing portion of the curve, temperature and light, and that the influence 
exerted ranges from the dominance of one to the dominance of the 
other. Throughout the range, however, the actual growth becomes 
a function of limiting factor inter-relationship. 

The point worthy of note is that in Eig. 1, the curves are almost 
regular in appearance and there is no sudden change of the ascend- 
ing curve to a horizontal phase, contrary to the findings of Blackman. 
It may, however, be pointed out that the curve for 7® db 2® 0. in 
Eig. 1, shows a jump at 191-3 foot-candles illumination, for the 
reason that in this high light intensity the temperature of the plants 
was 4® C. higher than the temperature of the water-bath {vide Table 
lY), hence the jump. At higher than 10® 0. temperatures of the 
water-hath, the difference in the temperatures of the plants and the 
water -bath in all the light intensities was not so great as at 5® C. In 
lower than 191-3 foot-candles illumination, the difference in the 
temperature of the water-bath and the plants was almost uniform 
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(± lienee it may confidently be stated that tbe data pre- 

sented in* Table V and the curves in Pig. 1, support Harder’s 
contention rather than Blackman’s hypothesis. 

Prom Pig. 2, it is clear that in Azolla sp., the peak of gTowth 
in all cases is reached at about 22® 0. and this maximum is constant 
in the low, medium and high intensities of light. At higher tempera- 
tures than 22°C. the behaviour of the plant is different in different 
light intensities, according as these influence the rate of photosyn- 
thesis and respiration. 

The Time Factor , — 

Table VI 


Growth of Azolla sp,, at 10° C. during One Week 


Light 

Presh weight 

Percent- 
age of 

Period of 


Intensity 

Initial 

After 
one week 

increase 
in fresh 
weight in 
one week 

illumina- 
tion per 
day 

Remarks 


gms. 

gms. 


hrs. 


100 W 
(85.36 P.C.) 

2-00 

3 -37 

68*5 

24 

A new bulb. 

100 W 

' j 

2-00 

3-05 

52*5 

1 16 

t 

1 ' 

This was an 
old bulb. 

40 W 
(9*17 P.C.) 

2-00 

2.18 

9 

; ■ 16 : 

1 


25 W 
(5 P.O.) 

2-00 ^ 

2-08 

4 

16 

! 



■ Prom Table VI, it is seen that in the low light intensity of 
35*36 foot-candles {100 Watts.), when the period of illumination 
was increased from 16 hours to 24 hours daily at 11±0*5°0. (the 
temperature of the plants) for one week, it resulted in the increased 
growth. On the other hand, when the jilants w-ere exposed to 191 *3 
foot-candles light intensity for 24 hours daily at 13 • 5 dt 0 • 5° 0. (the 
temperature of the plants) for one week, the plants looked scorched 
due to this high light intensity, while tills very intensity of light, 
when working for 16 hours daily had produced excellent results 
(vide Table IV), This brings out the importance of the time factor 
for diflerent light intensities. With time the maximum rate of 
growth shifts besides to a lOAver temperature to a lower intensity 
of light as well. 

Internal Factors , — ^In addition to the chlorophyll factor there is 
the important protoplasmic factor which plays a very important 
part and is influenced particularly by changes in temperature. 
Singh, B. K., and Lai, K. have rightly laid emphasis on the point 
that any relationship that is traced between the external factors 
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alone witliont taking into consideration the internal changes that 
take place in the process as well as the intensities in which the 
external factors reach the internal tissues, will not hold good under 
all circumstances. 

BossiiiUty of the duplication of experimental data , — From Table I, 
it is clear that in 35 *36 F.O. illumination, at 11 ± 0*5® 0. a 56 per 
cent, increase in fresh weight occurred. The data in Table YI, 
which was obtained several weeks later, shows an increase of 52*5 
per cent, under the same circumstances. The difference of 3*5 per 
cent, less is probably due to the fact that the bulb was not a new 
one and was giving out a lower illumination than 35 *36 F.O. It is, 
however, unfortunate that the exact light intensity of this bulb was 
not measured. To obtain result so approximately close to each 
other, clearly shows the practical possibility of the duplication of 
experimental data, as already suggested and shown by Davis, A. E., 
and Hoagland, D.E.® It is evident, that conditions can be so 
standardized that one variable will always bear the same relation 
to another. 

Light intensity and root development , — One observation in this 
connection is of special interest. In low light intensities, the root 
system did not develop well and the older roots fell off. When the 
light intensity was increased, the development of the roots improved. 
This observation shows the importance of light on the root develop- 
ment of sp. 

Bconomie importance of this type of investigation , — The tomato 
stands foremost among the several vegetable plants which are culti- 
vated as green house crops in the various parts of the XJ.S.A. and in 
Europe. During winter months and in cloudy weather, the short 
length of the day and the low intensity of light seriously aff’ects the 
yield of crops and hence the profits of the green house farmers are 
depleted. This factor becomes so serious in certain localities that 
vegetable production in green houses cannot be carried on econo- 
mically. The results reported in this paper, if further amplified 
according to a particular problem, will prove of great advantage 
in such cases. 

It further brings out the importance of the inter-relationship 
of the temperature and light intensity in the growth of the plants. 

6. Summary and Conclusions 

1. An experimental technique for the study of the influence 
of temperature and light intensity upon the growth of Azolla sp. 
is described. 

2. The growth of Azolla sp. in the culture solution was very 
good, provided light and temperature were not acting as limiting 
factors. 

3. No organic matter or extracts from yeast, peat, etc., were 
added to the culture solution. It means that the absence of 
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so-called Auximone ” did not make any difference in tlie growth 
of Aiiiolla sp. 

4. In lower intensities of light, root system showed very poor 
development, in fact the older roots fell off from the plants, as illu- 
mination was increased, a great improvement in the developnieiit 
of roots was noticed. 

5. From Table V, in the text, it is seen that light and tempcn^a- 
ture both act as limiting factors simultaneously, since an increase 
in either of these factors favourably influences the growth of AzoUa 
sp. within a limited range. 

6. At the low intensities of light and temperatures for instance 
in 35*36 foot-candles at 6 • 5®G. it was temperature that was present 
in most nearly minimal amount and not light. This conclusion 
is drawn from the fact that doubling the light intensity resulted in 
much less increase in growth, wlieras increasing the temperature 
from 6*5® C. to 11® 0. showed much more increase over the former 
temperature in the same illumination. 

7. Increase in the factor which is present in most nearly 
minimal amount results in the most favourable increase. 

8. The curves obtained are almost regular and do not show 
a sharp bend, as postulated by Blackman. 

9. The maximum growth of Azolla sp. took place at 22® ± 1® 0., 
in low, medium and high intensities of light. 

10. The importance of the internal factors, time factor, the 
inter-relationship of the factors and compensation point is empha- 
sized. 

11. The practical possibility of the. duplication of experimental 
data is shown. 

13. The possibility of the application of these results to supple- 
ment light in the green houses during winter months and in cloudy 
weather, for vegetable culture like tomatOj etc., is mentioned. 

13. In conclusion the results reported in the paper fully 
substantiate the previous works of Harder, Lundergardh, and 
Warburg. 

14. During the period of the author's leave from the Punjab 
Agriculurai College, Lyallpur, he had the privilege of working under 
Prof. A. E. Davis at Berkeley, the University of California. The 
imoblem was suggested by him and the work w-as carried out under 
his kind and excellent guidance for which the author is most grateful. 
He was further kind enough to allow the citation of his unpublished 
opinion on the principle of limiting factors and his growth equation, 
which were most heli>ful in ^explaining the data obtained. 
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REVIEW 


Norman C. Fasset.—A Manual of Aquatic Plants. Pp. '382. 
McGraw Hill PublisMiig Co., Ltd., Londorn 1940, 28/-. 

The aim of tMs book is to faciEtate tlie identification of TOter- 
j>laiits by providing tolerably large size figures of the plants. The 
textual portion, according to the author himself, is essentially 
a set of directions for looking at the pictures’". The book can 
rightly be termed as a picture book of aquatic plants, and all the 
diagrams are extremely clear. Part I of the book, extending over 
33 j)ages is a general key, with the help of which the name of a plant 
can be arrived at. The key is arranged in such a fashion that most 
plants can be identified with certainty from sterile material itseK. 
Part II of the book gives a descriptive treatment of famiiies,»genera, 
and species in the regular systematic fashion, and is intended to be 
referred to after a plant has been identified wdth the help of the 
general key in Part I. The aquatic plants included in the book are 
all those that can be seen with the naked eye. So the list includes 
a few aigse as wrell. A number of algse which Tequire the use of a 
microscope for definite identification, although those are visible to 
the naked e^^e, have been excluded. The greater portion of the book 
naturally deals wdth angiospermous aquatics, and the description 
of these is exhaustive. There is an important aiipeiidix showing 
how the aquatic plants are utilised by birds and mammals (wild 
life) and also a separate list which gives the relation of plants to 
fish. This niaimal should prove extremely useful to students and 
all others who have to collect and identify aquatic plants. 
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of tlie i^ast 4 years, some earlier pnMicatioB.s have also been included 
^here it seemed desirable to do so for purposes of comparison. 

The various modes of embryo-sac development knovn at pre- 
sent may be classified under the following major types 

Monosporio . . NormalAype 

Oenothera'-type 

Bisporio . . Allium-type 

Tetraspobic .. Peperomia-type 

Fritillaria-type 
Plumbagella-type 
Plumbago-type 
Adoxa-type 

liToBMAL-TypE 

Terminology and usual course of development . — ^In the introduc- 
tion to my last paper I stressed the need for a uniform terminology 
in describing the development of the embryo-gac. Eecent literature 
is nevertheless not entirely free from ambiguity. 

Thu,s, Billings (1937, p. 307) wrongly uses the term embryo- 
sac mother cell for what is clearly the functioning megaspore. Cave 
{1939} writes thsbt in Leueocoryne ‘Hhe macrospore mother cell 
divides to give rise to two macrospores ’’ (obviously the dyad cells). 
Walker (1938<x, p. 694) says that the polar nuclei fuse before ferti- 
lisation to form the primary endosperm nucleus (really the 
secondary nucleus, because the endosperm nucleus is a product of 
triple fusion). Sometimes the polar nuclei have themselves been 
called endosperm nuclei (Stover, 1937). 

Greater confusion is seen With regard to the names applied to 
the products of reduction division of the megaspore mother cell than 
to any other stage. As early as 1907, Pace remarked It is unfortu- 
nate that there is no definite name for the two cells resulting from 
the division of the megaspore mother cell.’^ They have been called 
daughter cells megaspores ” and derivatives of the embryo- 
sac mother cell. Of these terms, the first and the last are vague 
and the second is used incorrectly because the process of reduction 
division is not yet complete, and megaspores can be said to have 
been formed only after the hetero- and homotypic divisions have 
taken place. As pointed out by me earlier (Maheshwari, 1937) it 
seems that dyad cells Would be the least objectionable. 
Johansen (1940) calls them ‘^ secondary megasporocytes 

A row of 3 cells is frequently met with after reduction but all 
the cells are not megaspores— one must be an undivided dyad cell. 
Members of the family, Amaranthacese investigated by Kajale 
(1940), show all transitions from the normal row of four cells to a 
row of 3 cells. This is due to an irregularity in the behaviour of 
the micropylar dyad cell; sometimes it divides as usual like the 
chalazal dyad cell, In other cases it divides late or not at all. In 





II ‘ in fV ? Mature 

Division; Division* Division Division 



Monosporic 

8-nucleate 

NormaUtypk: 


Monosporic 
4-nucieate 
Oenofftera -type 


Bisporic 

8-nucleate 

4//fam-type 


Tetrasporic 
16- nucleate 
Peperomia 
pellucida^ form 


Tetrasporic 
16-nucleate 
Peperomia 
hispid ula--f or m 


Tetrasporic 

l6-nucleate 

Gannera-torro 


Tetrasporic 

16-nucleate 

Penaea-form 


Tetrasporic 

16-nucleate 

Pyreihriim- 

form 


Tetrasporic 

16-nucleate 

Drusa^fovm 


Tetrasporic 

16-nucleate 

Acalypha 

indica^form 


Tetrasporic 

8-nucleate 

Vritillaria-^type 


Tetrasporic 

4-nucieate 

Plumbagella^ 

type 


Tetrasporic 

S-nucleate 

Plnmhago-iypo 


Tetrasporic 

8-nucleate 

Adoxa~type 
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some plants nuclear division occurs but no cell-'wall is laid down 
betw een tbe daughter nuclei. 

The megaspores in the tetrad may be arranged in various ways. 
The commonest form is the linear one, in which all the four cells 
lie in the same row. The ‘‘ T ’^-shaped arrangement is less common 
but quite frequent, and if both the cells at the micropylar end are not 
visible in the same section, one may easily get the impression of 
having seen only 3 cells. An arrangement like that of the inverted 
i is rare and has been reported only as an abnormality, as 
in Tacca viridis {Paetow, 1931), Sty rax officinalis (Copeland, 1938), 
GyatMla tomentosa'^ (Kajale, 1940) and Desmodium gangeticum 
(Pantulu, 1041). Occasionally a tetrahedral arrangement may be 
seen, as in ValUsneria spiralis (Witmer, 1937) and Enalus aeoroides 
(Kausik, 1940). In Daphne laureola, Fuchs (1938, Fig, 20) show's 
an isohilateral tetrad of megaspores. 

Occasionally all the four megaspores may start developing, as 
in Pnioria (Fagerlind, 1936), but usually three are suppressed 
and only one grows further. This is the functioning one. All kinds 
of exceptions are, however, on record and it seems unnecessary to 
cite particular instances ; a very full account of these is given in 
the two volumes of Schnarf (1929, 1931). 

The 2 nuclei formed from the first division of the functioning 
megaspore may be designated as the primary micropylar and primary 
chalazal. Although the 5- move to the two poles, they shoulu 
not he called polar nuclei,’’ since this term is more frequently 
used to designate the 2 free nuclei of the mature embryo-sac. 

l^ormally there are two further divisions to give rise to an 
8-nucleato stage, composed of a micropylar quartet and a chalazal 
quartet. The mature embryo-sac is composed of an egg apparatus 
(egg and 2 synergids), 3 antipodal cells or nuclei, and the two polar 
nuclei. The differentiation of cells at the tv'o ends of the embryo- 
sac may not proceed simultaneously. Usually the cells of the egg 
apparatus are the drst to be organised but in the Amaranthacese 
(Kajale, 1940) the antipodals differentiate first, this being specially 
well observed in Celosia argentea md Allmania nodiflora. 

Starch grains in the embryo-sac are frequently met with [see 
Bahlgren (1927, 1939) for a resume of the subject]. Sometimes the 
starch grains in the embryo -sac get incorporated in the egg, as in 
Duclilaena mexicana (Cooper, 1938), Fortulaca (Cooper, 1940) and 
some other plants. In Acacia bailey ana (Newman, 1934) starch 
is present even in the synergids and antipodals and the author 
suspects that the centrosomes figured in the egg cell by some older 
authors may really be only starch grains. 

Yenkateswarlu (1937) reports a peculiar pale-staining body in 
the megaspore mother cell of Sonneratia apetala w'hich persists even 
up to the mature embryo-sac stage. Karsten (1891) also figured 


^ See also Mabeshwari (1941). 
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similar liGdies and described them as oily looking. ^TMs is confirmed 
by Mauritzon (1939) wbo calls tbem fat bodies and gives some details 
about tlieir position and bebaviour in Sonneratia acida. 

Embryo- sacs with 8 nuclei but peculiar ofgani8aiion':---~lri 
Eragrostis eilianensis (Stover, 1937), after the 8 . nuclei have been 
formed in the normal fashion, the 4 clialazal ones are said to become 
separated from the rest of the embryo-sac as antipodal cells ; one or 
two of these divide immediate^ so that there are commonly 5-6 
antipodals at the time of fertilisation. The 4 nuclei at the niicro- 
pylar end of the sac are said to give rise to the egg, one synergid and 
2 polar nuclei. The author adds that the organisation of the 
embryo-sac is a new type not only for grasses but for all plants’^ 
Unfortunately the figures are not convincing and a reinvesti- 
gation of the plant is necessary before his interpretations can be 
accepted. It is very unlikely that both the polar nuclei should come 
from the same pole of the embryo-sac. 

Embryo-sacs with less than 8 nuclei. — Monosporic embryo- sacs 
with less than 8 nuclei are known to arise sometimes as a result of 
the suppression of some divisions in the chalazal part of the embryo- 
sac (see Pard.i, 1937, on 8erapias lingua).^ 

A remarkable anomaly has, however, been reported by Billings 
(1937) in the development of the embryo-sac in Isomeris arbor ea. 
There is a single hypodermal archesporial cell which cuts ofi about 
four wall cells. “ After their production megaspore formation does 
not generally follow, but when it does occur the non-functional 
megaspores soon disintegrate’ ^ The nucleus of the embryo-sac 
mother cell ” divides to form the 2-nucleate stage and thereafter the 
primary chala^zal nucleus alone divides once giving rise to 3 nuclei 
in the mature embryo-sac. Two form the synergids and the 
remaining is an “ endosperm ” ( — polar) nucleus. Iso egg cell is 
difierentiated ; fertilisation does not occur since the pollen tube 
does not discharge its contents into the embryo-sac and the embryo 
arises from a group of endosperm nuclei. 

Several of the above statements appear to be of a doubtful 
nature. To mention a few instances, Eig. 19 which would ordinarily 
be interi3reted as a clear tetrad of megaspores of which the lov'cst is 
dividing, is regarded by him as showing 3 wail cells and an embryo- 
sac mother cell. Similarly Fig. 18 in which the axial row clearly 
consists of one wall cell and 4 megaspores, of which the lowest has 
enlarged, is regarded as composed of 4 parietal cells and a vacuo- 
lated sporogenous cell”. Various other ingenious interpretations 
have been offered which cannot be discussed here in detail. It is 
sufficient to state that the illustrations entirely fail to support the 
conclusions based upon them. 

^ Treub (1911) reported a 5- Bucleate embryo -sac in Garc inia and 
Butgers (1923) in Moringa. Both of these have been shown to be incorrect 
(Puri, 1939j 1911). The embryo -sacs are absolutely normal, but the anti- 
podals are frequently very ephemeral. 
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Brnbryo-sms with more than 8 nuclei .— condition may be 
frequently encountered as a result of some secondary increase in tlie 
number of antipodals. Abnormalities in tb.e other constituents of 
the embryo-sac are very rare. A fe'^^" examples are cited below. 

In Grepis capillaris (Gerassimova, 1933) and Taraxacum hole- 
sagJiys (Poddubnaja-Arnoldi and Diaiiowa, 1934) occasionally 
2-4 egg cells may be present besides the other elements of the 
embryo-sac. The' origin of the supernumerary eggs Was not clear ; 
gradually the^^ all degenerate. 

In Fyrethmm cineraricefolium (Martinoli, 1939) the female 
gametophyte may occasionally have 9 nuclei instead of 8. Accord- 
ing to the author’s statement this is due to a division of the egg, the 
additional cell passing to the centre of the embryo-sac. Sometimes 
even 10 nuclei may be present, of which 3 lie at the micropylar 
end, 2 in the centre (one is the additional cell derived from the egg 
and the other is the nucleus formed by polar fusion), and 5 at the 
chalazal end. 

Embryo-sac haustoria .^ — Haustorlal structures may be formed 
from the embryo-sac itself or from some of its constituent parts. 
In several members of the Amaranthacese the chalazal part of the 
embryo-sac grows actively and penetrates further into the nucellus 
while the antipodals are left in situ and thus become laterally 
placed (Kajale, 1940). In Suriana maritima (Anantaswamy Eau, 
1940) the lower end of the embryo-sac grows considerably during the 
post-fertilisation stages and forms a long tubular structure piercing 
into the chalaza. 

In other cases it is the micropylar end that elongates. In 
Putoria {Fagerlind, 19SQ)md Kir eng eshona (Mauritzon, 1939) the 
embryo-sac grows a considerable way upward into the micropylar 
canal. In Arechavaletaia Uruguay ensis, Ventura (1937) reports that 
the embryo-sac protrudes out of the endostome and comes to lie in 
the exostome formed by the outer integument. On the other hand 
Karsten’s (1891) statement m Sonneratia the embryo-sac pierces 
through the tip of the nucellus is shown to be incorrect by Mauritzon 
(1939). This tubular structure is really the broad pollen tube 
entering into the nucellus. 

The Loranthaceje present the strangest behaviour in this respect. 
DendropUhoe falcata has recently received a detailed investigation 
at the hands of Singh (unpublished). The megaspore mother cells 
give rise to rows of 4-8 megaspores. Many of these begin to 
elongate immediately (c/. Eagerlind, 1937, on the BuMaceee) and 
this elongation is so pronounced in later stages that the mature 
embryo-sacs wind their way upward into the style ; the lower end 
is not able to make much progress being checked by a collenchy- 
matous pad at the base of the ovary. 


® A ftiUer account of the different types of haustorial structures met 
with in the ovule, both before and after fertilisation, will be published in a 
subsequent paper on the “ Nutrition of the embryo-sac in Angiosperms”, 
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Haustorial gyiiergids with elongated tips are frequently met 
with in the long and narrow embryo-sacs of some of the Synipetate. 
In Allium (Weber, 1929 ; Snndar Eao, 1940), Berberis '.Mid Mahonia 
(Manritzon, 1936) and some other plants, one of the syoergids 
becomes enlarged and persists for some time during tlie development 
of the embryo. In Isomeris arborea, according to Billings {1937), 
the embryo-sac has no egg and occasionally one of the synergids 
enlarges and undergoes a series of 'divisions giving rise to a fairly 
long chain of cells. In one case a bnlbons synergid containing free 
nuclei has been figured. 

The antipodal tissue frequently serves a haustorial function 
by an increase in the size or the number of its cells. In some mem- 
bers of the Eubiacere (Fagerlind, 1937) the lowest antipodal under- 
goes a considerable elongation tow'ards the ehalaza and serves to 
draw nutrition. 

A discussion of the various types of haustoria formed by the 
endosperm is beyond the scope of this paper since such developments 
take place considerably after fertilisation. Mention may, hovrever, 
be made of the work of Briiiivasan (1940) on Angelonia in which 
he says that endosperm haustoria are absent and instead it is the 
synergids which are persistent and haustorial. Angelonia is being 
reinvestigated by 0. V. K. Iyengar and it remains to be seen 
whether Srinivasan’s account receives any confirmation. See also 
Maheshwari and Navalakha {1941). 

Oenothera-type 

The embryo-sac is monosporic but it generally arises from the 
micropylar megaspore of the tetrad. OccasioB.ally the chalazal may 
function, however, and sometimes both continue to develop for a 
time (twin embryo-sacs), although eventually one is nsnally sup- 
pressed. The most characteristic feature of the Oenothera-type is 
that immediately after tetrad formation the nucleus of the function- 
ing megaspore moves to the upper portion of the cell w'here it divides 
tw^ice to give rise to 4 nuclei which form the 2 synergids, one egg and 
a single polar nucleus. There is no third division and consequently 
the chalazal quartet is absent. 

This type is restricted to the family Oenotheracese, all of whose 
plants that have so far been investigated closely correspond to it. 
The only exception was (Ishikawa, 1918) which has now been 

removed to a separate family, Hydrocaryacea^ (see Engler, 1936). 
It may, however, be noted that even in Trapa the antipodais are very 
ephemeral and the closely allied family Lythrace^ already shows a 
tendency towards reduction in the chalazal part of the embryo-sac 
(see Joshi and Yenkateswarlu, 1936, and the literature cited by them). 
Hot only are the antipodais ephemeral here but sometimes there is 
a suppression of the divisions in the chalazal end of the embryo- sac, 
leading to a 6-nucleate condition instead of the usual 8-nucleate one. 
It seems clear that the Oenothera-type of embryo-sac, in which the 
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ckalazal quartet is completely gone, lias been derived as the result 
of a Gontmnation of this tendency. 

Among the latest embryological works on the family is that of 
Beth (1938). Although concerned mainly With the problem of 
adventive embryony as brought about by wounding, he also makes 
some interesting observations on the embryo-sac. Occasionally 
he saw twin embryo-sacs in Oenothera lamareUana arising as the 
result of a concurrent’ development of the 2 megaspores of a tetrad, 
and once he encountered a “ Drillingsembryosack formed by the 
development of 3 megaspores. It could not be ascertained, how- 
ever, whether all the three megaspores came from the same tetrad, 
or different ones, although the former condition is held more 
probable. 

Beth (1938, p. 323) also came across two embryo-sacs showing 
an inversed orientation. With the egg apparatus situated towards 
the chalazal end and the polar nucleus towards the micropylar. 
Both were observed in ovaries of 0. lamarchiana and 0. gigas that 
had been punctured for the induction of adventive embryony, but 
he thinks it is very improbable that this had anything to do with 
the reversed polarity. Previously Tackholm (1915) had observed 
two similar cases in Fuehsia Marinlca and P. jprocumbens, Beth 
thinks that such a reversion of the normal polarity is probably 
caused by cold or by a disturbance in the nutritional physiology 
of the plant. 

Khan (1941) has studied the development of the embryo-sac 
in Jussieua repens. In one case he observed a 3 -nucleate embryo - 
sac with a single synergid, probably formed by the primary synergid 
nucleus having failed to divide. In another case, the nucleus of one 
synergid had divided into two and that of the other w'as in the 
process of division by budding. 

Allium-type 

Since my last review was written the Allium-type has been 
demonstrated in a number of additional cases and some of the older 
records have been proved false. All such cases are cited here under 
their respective families. 

Podostomacem,---ljX Fodostemon suhulatus according to Magnus 
(1913), the megaspore mother cell divides to form two dyad cells, 
of which the lower undergoes two divisions to form a 4-nucleate 
embryo-sac having an egg, two synergids and a single polar nucleus. 
This account has been the basis of the so-called Fodostemon4ype ’’ 
of embryo-sac. Hammond (1937) has recently investigated another 
species of the same genus P. ceratophyllum, in which the development 
is clearly of the Allium-type, although there is considerable reduction 
in the chalazal end. After the 2-nucleate stage the primary chalazal 
nucleus remains undivided and soon degenerates and disappears; 
the micropylar produces the tw'o synergids, an egg and a single polar 
nucleus. 
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Hammond’s accoimt corresponds closelj witli that of Went 
(for full citations see Mahesiiwari, 1937) for several other members 
of the family and it myr seems very doubtful whether the Fodostemon 
and HicTOa-types of Magnus (1913) exist at all. 

Loranthaeem.--Yolloytmg his previous account of the embryo- 
logy of Korthalsella daerydii (1935) Eutishauser has now published 
another paper dealing with 2 other plants of the same family, 
Korthalsella opuntia Qiiid Ginalloa limmls (1937). In all the 3 cases 
the development is of the Allkim4ype. The central papilla has 2 
archesporial cells. Each produces a dyad of which the upper cell 
is larger and functions, and the lower soon degenerates. After the 
4 -nucleate stage there is a slow but steady curvature in the embryo- 
sac, which causes its lower part to bend out of the papilla and 
proceed upward into the carpellary tissue. Meanwhile the four 
nuclei divide to form 8. The egg apparatus differentiates in the 
originally lower portion of the sac which now occupies a higher 
position,^ 

Miss Stevenson (1934) investigated the morphology of two spp. 
of KortJialsella, K. Lindsayi 2 i,nd K. saUcornioides. According to 
her the megaspore mother cells divide to form linear tetrads of 
megaspores of which the upper or lower cell may develop into an 
embryo-sac. Since Stevenson’s paper is mainly morphological and 
only a few stages of the emhryo-sac are figured, her conclusions on 
this point must receive confirmation. 

Balanophoracece. — ^Umiker (1920) thought that Helosis guya- 
nensis Eeih. H: cayennensis Schw'ara) is an apomiet and des- 
cribed the development as of the Ailooca-type (Without any reduc- 
tion in chromosome number), but this now seems to be incorrect. 
Fagerlind (1938c) has shown that reduction and fertilisation occur 
normally. The development of the embryo-sac is of the Allkim- 
iype. After the 8 nuclei have been formed, the micropyiar quartet 
gives rise to an egg apparatus and the upper polar nucleus. Of the 
4 nuclei at the chaiazal end, as a rule, two move up and fuse with 
the upper polar nucleus and the remaining two organise into a single 
binucleate or two uninucleate antipodal cells. Sometimes all the 
3 antipodal nuclei are present in their proper positions, in which 
case there are only two polar nuclei. 

Another genus DitepalantMs recently investigated by Eager 
lind (19382?) seems to be similar to Helosis. 


^ In my previous paper (1937, p. 366, footnote 2) I had stated that the 
embryo-sacs of the horanthaceae, Balanox^horacefe and some Gentianacae 
(Oehler, 1927) afford the best instances of inverted polarity. I now think 
that the inversion is more apparent than real. It may well be that the 
ovules are actually anatropous but due to the lack of any integuments or 
micropyle it is impossible to apply the usual criteria for judging this. 
Further comparative studies are necessary to clear up this point (see also 
Joshi, 1939a}. 
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iJuphorMaeem. — D^amato (1939), wto has investigated the 
embryology of several spp. of Euphorbia, ‘w'rites that in most spp. 
the embryo-sac is normal 8-niicleate, but some spp. show the 
8cilla4yp6 (= Allium-type) either occasionally or regularly, 

MalpigJiiacece, — Stenar (1937) reported an ATlium4ype of 
embryo -sac in GalpJiimia gracilis and Subba Eao (1939) in Malpighia 
glauoa. Other spp. of the genus Malpighia as. well as most other 
plants of this family have tetrasporic embryo-sacs of the Fencea- 
type. 

OZeacece.— Andersson (1931) had already reported an Allium- 
type of embryo-sac in Olea cJifysopJiylla and 0. europwa. King (1938) 
has confirmed it in the latter species. 

Convolvulacew. — Johri and Kand (1934) reported an Allium- 
type of embryo-sac in Guscuta reflexa with the lower dyad func- 
tioning. Other spp. of this genus are, however, quite normal (see 
Pedortschuk, 1931; Smith, 1934 ; Mnn, 1937). Such a difference is 
possible but not so probable and it seems that Johri and Kand’s 
observations need confirmation. 

Polemoniaeece. — Jonsson (1879-80) studied the development 
of the embryo-sac in Polemonium coeruleum and reported an Allium- 
type in this plant. This was considered as doubtful in my last 
paper (1937, p. 377). This scepticism was well justified as Sundar 
Eao (1940&) has recently figured a clear linear tetrad of megaspores 
in this plant and thus shown the development to correspond to the 
Normal-type. 

Solanaeem. — Several species of the genus Nicotiana and their 
hybrids have been investigated during recent years by Modilewski 
(1936, 1937Uj b) and Modilewski and Dzubenko (1937). In some 
of them the development is of the Formal-type and the embryo-sacs 
are monosporic ; in others the development is stated to be of the 
Allium4ype and the embryo-sacs generally arise from the lower dyad 
cell. 

Butomacem. — Johri (1938u and b) has now published the results 
of his studies on Limnocharis emarginata and Eydrocleis nym- 
phoides. With regard to the former plant, the interpretations of 
Hall (1902) and Kitzschke (1914) are criticised. According to the 
former author the embryo-sac is tetrasporic and 5-nucleate, 
while according to the latter it is monosporic and usually six but 
sometimes 7- or 8-nucleate. Johri’s observations prove that 
it is really bisporic, arising from the lower dyad cell formed after the 
first division of the megaspore mother cell. Generally the mature 
embryo-sac is 5-nucleate. Eydrocleis nymphoides is similar to the 
above. Suessenguth’s (1921) account is incorrect. 

Qramine(B.—%tOY^x (1937) quotes Schnarf (1926) as reporting 
8cilla4ype in Goleanthus subtilis. This is incorrect as Schnarf 
himself figures a clear T-shaped tetrad in this plant. 
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Gommelmacem,--W 2 blk%T (19385) lias recently described tbe 
development of tbe embryo-sac in Tradeseantia' paludosa xmde^ 
normal conditions and after treatment vitb. colcMcine. In tbe 
first case tbe embryo-sac develops from tlie cbalazal dyad cell and 
is 8-nucleate. In tbe latter case tbere is a disturbed condition ; 
spindle fl.bres are not formed and tbe arrangement of tbe nuclei 
becomes irregular. 

Jones and Emsvfeller (1936) find in Allium 
eepa tbe cbalazal dyad cell undergoes three divisions to form an 
S-nucleate embryo-sac. One of tbe synergids becomes byper- 
tropMed and probably serves as a nutritive organ. Alliuwi gomni- 
anum (Sundar Eao, 1940) is similar. One of tbe antipodal cells 
becomes egg-like. 

A peculiar course of development bas been reported in Allimn 
mutabile (Porter, 1936). The megaspore mother cell divides to 
form two dyad cells of wbicb tbe micropylar promptly begins to 
degenerate, Tbe other is said to divide and form 2 megaspores of 
which tbe cbalazal functions. The primary cbalazal nucleus (of 
tbe 2-nucl6ate stage) is very small and the same difference is notice- 
able at tbe 4-nucleate stage between tbe two micropylar and tbe two 
cbalazal nnclei. lilow one of tbe micropylar nuclei divides to form 
tbe egg and a synergid, and tbe other divides to form the two polar 
nuclei ; tbe two nuclei at the cbalazal end are said to degenerate and 
disappear ! 

If Porter’s statements are correct, the development should be 
regarded as of tbe normal monosporic type. It seems, however, that 
a reinvestigation is necessary. Tbe following points deserve a 
critical study 

(i) How bas the row of 3 cells sbowm in Fig. 6 originated ? 
li^eitber this figure nor any other gives any definite evidence in 
favour of the author’s view that the low^er dyad cell divides into 
2 cells. It is just as likely that tbe micropylar dyad cell bas divided 
in wbicb case the embryo-sac would be bisporic. 

(il) Tbe statement that the egg and synergid are sister cells 
as also tbe polar nuclei is also unsupported by the figures. The 
requisite stages between Figs. 9 and 10 are missing and one may be 
justified in supposing that the embryo- sac in Fig. 10 shows only 4 
nuclei not due to any real reduction but because of tbe early degene- 
ration of tbe antipodals and one synergid. 

In Leucocoryne moito (Gave, 1939), ^Hbe macrospore mother 
ceil divides giving rise to two macrospores® one of wbicb degenerates. 
Tbe other divides 3 times giving rise to 8 nuclei wbicb become 
arranged in tbe normal way.” 

Buscus aculeaUis (De Pbilippis,, 1936) is subdioecious, some 
flowers are definitely carpellate, others when in bud, show both 
carpels and stamens, but later the carpels degenerate leaving tbe 


5 These are really the dyad cells. 
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flower staminate. A very few flowers continue to ripen witli botli 
stamens and carpels. Development of tbe female gametopliyte in 
the carpellate flowers is said. to be of the (bisporic) wM|e 

in flowers with stamens it is said to be of Normal-type (monosporic). 

In IpJiigenia indica (Joshi, 1939) the embryo- sac occasionally 
develops according to the AlUum4ype, One case is figured in w'hich 
no w^all is formed in the chalazal dyad cell after the second meiotic 
division, but the nucleus formed towards the micropylar side is 
small and likely to degenerate during further development. The 
embryo -sac in this case would develop from the nucleus of only one 
megaspore but the cytoplasm of t-wo. It is thus considered to be 
intermediate between the PormaZ- and Allium-types. 

Jeffrey and Haertl (1939) state having studied several species of 
Trillium {T. grandifior%m^ T. erectum, T. undulatum T. sessile)^tlie 
material having been collected from wild as well as cultivated plants. 
“The reduction division in the embryo-sac mother cell is quite normal 
in contrast to the situation in the pollen mother cells, and 5 chromo- 
somes are present. One of the derivatives of the mother cell survives, 
as is usully the case, and gives rise to an embryo-sac. Ordinarily this 
contains only 4 nuclei, a situation paralleled by the Onagracege and 
allied forms, as well as by certain Orchids. Of the four nuclei one 
becomes the egg and the other an abortive synergid. The remaining 
two nuclei fuse together and form the endosperm nucleus.” There 
is no fertilisation ; the egg develops into a feeble haploid embryo, 
which ultimately aborts. The endosperm, w'hich is diploid, forms 
in the usual manner and first contains a large central cavity around 
which are rapidly dividing cells. After the abortion of the haploid 
embryo and after the endosperm has reached a considerable degree 
of development, a diploid embryo makes its appearance in the 
micropylar region of the endosperm and is continuous with the 
endosperm tissues. This is the embryo which perpetuates the 
plant.” 

The whole development is so abnormal that it seems proper to 
reserve comment till the full paper is available. 

OreUdaeece.—BtenihT (1937) reports that in Achroanthes mono- 
phyllas the chalazal dyad cell functions. At the 4-nucleate stage 
there is an appreciable difference in the relative sizes of the micro- 
pylar and the chalazaL nuclei. The latter are much smaller and 
usually do not divide further, so that the mature embryo-sac is 
6-nuoleate. 

PEPEROMIA-TYPE 

Penaea form : — 

During the last four years several new cases of this type have 
been reported in the families Malpighiaceae, Combretacese and 
Piumbaginacese. 

Malpigjiiace(^.~-~liL all the plants mentioned below* the organi- 
sation of the embryo-sac is quite typical : — 
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1. Hiptage madahlota 

2. BanisterialaurifoUa 

3v Stigmatophyllum arisiatum 
4, Malpighia mens 
6. If. coceifera 

6. M. punidfoUa 

7. Tristelletia australis 


. . Biibba Eao, 1937, 1940. 
. Subba Eao,, 1937, 1940. 
* . Subba Eao, 1937, 1940. 
.. Stenar, 1937. 

. . Subba Eao, 1939. 

. . S’arasimbachar, 1938. 
.. Subba Eao, 1939. 


Comhretaceoe . — lu Gombretum pineianum and G. panic'iilaimn 
(Mauritzon, 1939) four quartets are organised of -wliicli tlie miero- 
pylar and the cbalazal give rise to 2 egg-apparatuses, composed of an 
egg cell and 2 synergids. Their polar nuclei and 4 other free nuclei 
from the lateral quartets migrate towards the centre and a varying 
number of these come together to form one or two fusion uucieL 
The remaining 4 nuclei surround themselves witb cell-membranes 
and lie irregularly on the lateral sides of the embryo-sac. Occasion- 
ally their wails become disintegrated and the nuclei become free 
thus adding to the number of polar nuclei already present. 


PlumhaginacecB, — Statice-Eu-Limoniumj formerly understood 
to have m Adoxa4ype of embryo-sac (Ealilgren, 1916), has been 
reinvestigated by Eagerlind (1938d) and found to belong to the 
Penaea4ype. The 16 nuclei are arranged in four groups, of which 
the lateral degenerate quickly. 


Drusa-torm : — 

Eagerlind (1937) has recently published an important mono- 
graph on the embryology and cytology of the Eubiacese. 
Several spp. of Grucianella (G , latifolia, <7. grmca, G, an- 

gustifolia^ 0. imhricata and G. mgypiiaca) were investigated and the 
results were found to differ in some important partiuiars from those 
of Lloyd (1902). The number of megaspore mother cells in a nucellus 
is very large (about 20) and several of them undergo reduction 
divisions simultaneously- The four megaspore nuclei are unsepa- 
rated by -walls and lie in a single row with vacuoles intervening bet- 
ween them. Each nucleus divides twice in succession, resulting in 
a total of 16 nuclei of which 4 lie in the somewhat swollen micro- 
pylar part and 12 in the chalazal. The former give rise to the egg 
apparatus and the upper polar nucleus. Of the latter, one nucleus 
functions as the lower polar and the remaining as antipodals. 
Some of the antipodal cells are 2-nucleate so that thcdr total num- 
ber may be less than 11, A more or less similar type of development 
•was seen in Eubia oUvieri and is inferred in Biodia virginiana 
studied by Lloyd (1902). 

In <7. latifoUa only 15 nuclei are seen. This is because one of 
the chalazal nuclei of the 8-nucleate stage Mis to divide. The 
number of antipodal nuclei is, therefore, only 10. 

In Ulmus spp. (see p. 248) also there is a probability of the 
occurrence of this type of embryo-sac. 

Campbell’s account of the embryo-sac of Pandanus has never 
been very clear, but Judging from what he states in his book entitled 
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Evolution of Land Plants ” (1940, p. 553) it seems that the develop- 
ment is a modification of the Drusa-ty'pe, He viites as follows : 

In Fandanns the first stages follow the usual course and there are 
2 micropylar and 2 antipodal nuclei ; the 2 micropylar nuclei divide 
once and there is the formation of a typical egg apparatus and a 
polar nucleus. The antipodal nuclei divide repeatedly, forming 
usually 12 large, free nuclei. By further divisions there may be 
formed more than 60 nuclei, which in the later divisions are sepa- 
rated by ceil walls and form a mass of prothallial tissue. Some of 
the nuclei become free and’ assume the rOle of polar nuclei, fusing 
with the upper polar nucleus into a large endosperm nucleus.” ^ 

Acalypha indica^form : — 

Some material of Acalypha indica, collected from Agra and 
investigated by Maheshwari and Johri® (1940) show^ed a tetrasporic 
16-nucleate embryo-sac with the nuclei arranged at first in 4 quartets 
as in the Penseacese. The organisation of the mature embryo-sac 
presented a great variation, however. In most cases the cytoplasm 
aggregates around 2 nuclei of each quartet and they become sepa- 
rated towards the periphery by the formation of a limiting mem- 
brane. Two nuclei of each quartet, which have remained free, 
migrate to the centre so that the secondary nucleus formed by their 
fusion is octoploid. 

In a few cases the organisation was like that of the Penseacese 
with 4 groups of 3 cells each and only 4 nuclei in the centre (Stephens, 
1909). Occasionally there was a lack of any definiteness in organi- 
sation. 

This type of embryo-sac seems to be most closely related to the 
Pencea4ype on the one hand and the Flumbago4ype on the other. 

Eritillaria-type 

The Fntillana4ype Was so fully discussed in my last paper that 
there is not much to he added to what I wrote at that time. Addi- 
tional plants, in which it has been recently demonstrated, are : — 
Lilium philippinense (Santos, 1937), Lilium tigrinum (Westfall, 
1940), Gagea fascicularis (Joshi, 1940), Tulipa gesneriana (Simoni, 
1937), Armeria bupleuroides (Eagerlind, 1938) and Piper longum 
‘(Joshi, unpublished). 

Special mention must be made of the Tamaricaccse. 

Myricaria germanica, originally investigated by Erisendahl 
(1912) and reported to have an Adoxa4ype of embryo-sac has been 

® The full paper is in the press since a long time, but publication has 
been delayed due to the war. 

Pagerlind (1940) has reinvestigated Pandanus and reports that the 
embryo-sac is monosporic and normal but some nuclei of the adjacent cells 
at the chalazal end get included and divide independently, thus resulting 
in a many-nucleate condition. 
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tlie subject of m since the publication of Bamba- 

cioni’s w (1928). Z/abban (1936) lias settled the 

matter by demonstrating the 1 + 3 arrangement of the nuclei at the 
primary 4-nucleate stage and a fusion of the 3 spindles in the 
chalazal end of the embryo-sac. 

furthermore, Puri (1940) reports the same type of embryo-sac 
in Tamarix cUnensis and Sharma (1939, 1940) in T, erieoides. On 
the other hand, Mauritzon (1936) found the Adoxa-type in the spp. 
of this genus investigated by him. 

In Tamarix gallica Paroli (1937, 1939) has shown that the 
development may proceed in two Ways, either according to the 
Fritillaria4ype or according to the Adoxa-type. This seems to 
explain the divergent results obtained by previous investigators 
on this genus. 

Joshi (1938) reviewed the occurrence of the Fritillaria-type of 
embryo-sac and interpreted its occurrence in widely separated 
families as an argument against the monophyletic origin of 
Angiosperms. For a discussion and criticism of this view see 
Maheshwari (1939). 

Plumbagblla-type 

As stated under -the Plumbago-type^ Dahlgren (1915, 1916) 
was the first to investigate the embryo-sac of Plumbagella micrantha 
and his account remained unchallenged until very recently. 
Schnarf (1936) expressed a note of caution in accepting these results 
and stressed the need for a reinvestigation. Dahlgren (1937), in 
his paper on Plumbago, "withdrew his previous observations on this 
genus and Ceratostigma but still considered his work on Plumbagella 
to be so thorough as to preclude any probability of its embryo-sac 
being similar to that of Plumbago. He admits, however, the advis- 
ability of a reinvestigation and this has been done almost simul- 
taneously by Fagerlind (1938u) and Boyes {1939(» and b). 

As a result of these Works it has been discovered that the old 
Plumbagella4ype, with the four megaspore nuclei directly taking 
part in the organisation of the embryo-sac, becomes untenable. 
Instead, a new type of embryo-sac has been discovered which shows 
certain resemblances with the Fritillaria-type, but is yet distinctive 
enough to be retained as a separate unit. The name Plumbagella- 
type must, therefore, remain although in a different sense 
altogether. 

Briefly speaking, the development is as follows : The nucleus 
of the megaspore mother cell undergoes the 2 reduction divisions in 
the normal way. Soon after the 4 nuclei are formed, the micro- 
pylar surrounds itself with a zone of dense cytoplasm and begins 
to enlarge. The other three nuclei which lie closer to the chalazal 
end, migrate still further downwards and become separated from 
the micropylar by a large vacuole. Here they fuse together to 



244 . 


P. MAEESHWABI 


form a single triploid nuclens.’ TMs fnsion may not proceed 
simnltaneoiisly ; frequently two of tlie nuclei fuse first and tlie tMrd 
follows afterwards. TMs is the secondary 2 nucleate stage in wMcli 
tke micropylar nucleus is obviously baploid and the chalazal tripioid 
— a fact that was also confirmed by chromosome counts (Boyes, 
19395, p, 542). Very soon both of these nuclei divide to form 
2 pairs (secondary four-nucleate stage), the two micropylar nuclei 
being haploid {n = 6) and the chalazal tripioid {n = 18). Generally 
there is no further division. h3"ow the nucleus nearest the micro- 
pyle organises itself into the egg, the tripioid nucleus nearest the 
chalazal end becomes cut ofi; with some cytoplasm to form a single 
antipodal cell and the remaining two nuclei, the upper of which is 
haploid and the lower tripioid, fuse to form a tetraploid secondary 
nucleus.® If double fertilisation takes place normally, the primary 
endosperm nucleus and its derivatives should be pentaploid. 

The essential difference between the type of development as 
described here and that in Friiillaria is that in the latter case there is 
a fourth nuclear division following the secondary 4-nucleate stage. 
Another difference, which is, however, of lesser importance, is that 
in Flumbagella the fusion of the 3 chalazal nuclei takes place more 
rapidly than in Fritillaria, In the former they unite before entering 
the prophases of the third nuclear division *, in the latter they form 
separate spindles Which later become united into a common mass. 

Plumbago-type 

The first work of importance on the PlumbaginaceaB is that of 
Bahlgren (1915) who investigated 16 plants of this family belonging 
to 8 different genera : — 

Staticece , — 

1. Acantholimon glumaceum Boiss. 

2. Arme7'ia alpina Willd. y A. plantaginea Willd. : A. mlgaris 

Willf 

3. Goniolimoncollinum3ois^.lG»tataricum('b^)BomB, 

4. Limoniastrum monop etalum (L,) Boim. 

5. Siatiee baJiusiensis Fr. ; S. gmelini Willd. ; S> maeroptera 

Webb, and Berth. ; sinuaia Jj, 

^ It must be said on behalf of Dr. Bahlgren that such fusions were 
entirely ui^nown until Bambacioni (1928) first discovered them in 
llaria^ and it is no wonder, therefore, that he was led astray and made some 
wrong interpretations. In recent embryologi cal literature Bambacioni ’s 
worhmust rank as of a very high order. It has led to the^rectification 
of scores of errors and added much to our knowledge in other ways. 

® Approximately 4-5% of the embryo-sacs were found to be 6-nucleate 
(Boyes, 1939b). Their origin is traced back to an irregularity at the time of 
migration of the 3 megaspore nuclei to the chalazal end. At this stage it 
sometimes happens that only two nuclei move to the chalazal end and 
become separated from the third by a vacuole this latter nucleus being itself 
separated by a vacuole from the micropylar. Apparently the 2 nuclei 
which reach the chalazal end fuse together to form a single diploid nucleus 
and all the three nuclei now divide once to form six — 2 lying at the micro- 
pylar ^ end (haploid), 2 lying in the central region of the embryo-sac (also 
haploid) and 2 at the chalazal end (diploid). 
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Flumbaginem : — : 

6. Ceratostigma plumbaginoides Bunge, 

7. Flumbago capensis Tliunb., P. zeylanica L., P. pulchella 

Boiss. 

8. Flumbagella micraniha (Ledeb.) Spacb. 

Of these the first five genera, belonging to the Staticese, were 
reported to have an 8-nucleate embryo-sac of the Adoxa4ypej 
wMle the last three, of wMcb Flumbagella micrantha'wm investigated 
in the greatest detail, were reported to have a 4-niicleate embryo- 
sac of an entirely difierent type* According to bis statement tbe 
megaspore mother cell, in these cases, divides twice without wall 
formation to form the four reduction nuclei, equivalent to the 



Pig. 2. — Diagram illustrating the development of the embryo -sac in 
Flumbagella micrayiilia. Stages e, f were missed by Dahlgren, leading Mm 
to an incorrect interpretation. For further explanation see text. 


megaspores. The micropylar pair gives rise to the egg and upper 
polar nucleus and the chalazal pair to a single antipodal and lower 
polar nucleus. This was considered to be the most reduced type 
of embryo-sac yet discovered and the situation W’^as compared with 
that in animals during the maturation of the egg. 

Dahlgreii’s observations aroused much interest and were 
warmly received by other embryologists. A reinvestigation of 
Plumbago capensis made twenty years later (Haupt, 1934) revealed, 
however, that the four nuclei divide once again and the embryo-sac 
is thus really 8-nucleate. Dahlgren^s® (1937) own reinvestigation 
of P. zeylanica has entirely confirmed the observations of Haupt ; 
Pagerlind^® (1938a) has shown the same thing in 'Geraiosfigma and 


® The confession of a mistake on the part of so sincere a worker as Dr. 
Dahlgren may be quoted in Ms own words (see DaMgren, 1937, p. 488) 
“ Begeistert wie icK damals war wegen der sensationellen Entwicklung bei 
Flumbagella micraniha zweifeite ich keinen Augenblick daran, dass der 
Embryosack auch bei den anderen Plumbaginoideen in derselben Weise 
entstehe wie bei dieser 

Pagerlind lias also confirmed the observations of Haupt (1934) and 
Dahlgren (1937) on Plumbago ca-pemis and P. zeylanica respectively. 

2 
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Matkur (1940) ia the hitherto iiamvestigated Yogelia indiea, Boyes 
(1939&) adds three more plants to the list Plumbago scandens, 
P. cocoinea and Geratostigma willmottianum. In all these cases the 
commonest condition is that of the 8 nnclei, three qnicMy degene- 
rate, four fuse in the centre to form the secondary nucleus and the 
single nucleus remaining at the micropylar end is cut off by a wall 
to form the egg. The fusion of the polar nuclei may proceed by 
steps so that occasionally some of them may be seen to have already 
fused while others are still free. 

It is now possible to understand the aberrant cases found by 
Dahlgren (1915) in Geratostigma and Plumbago^ which he was then 
unable to interpret in a satisfactory manner (see Haupt, 1934, 
p. 657). Occasionally more than 4 nuclei were seen in embryo-sacs 
that had not yet been fertilised and once in Geratostigma he saw an 
embryo-sac with all the 8 nuclei. Twice in Geratostigma and once in 
Plumbago zeylanica he encountered embryo-sacs containing four 
free nuclei (now interpreted as polar nuclei) in addition to the egg. 
All these were unfortunately dismissed at that time as accidental 
variations and their true significance remained obscure until 
recently. The mature embryo-sac is 2-nucleat6 (one egg and a 
secondary nucleus) according to both Bahlgren and Haupt. 

As regards the derivation of the Plumbago-type of embryo-sac, 
it seems that it is closely related to the types seen in the Penseaceae 
investigated by Miss Stephens (1909) (see Haupt, 1934, and 
Pagerlind, 1938) and Acalypha indiea (Maheshwari and Johri, 1940). 
Of the 8 nuclei in the embryo-sac of Plumbago, the 4 peripheral ones 
separated by walls may be considered as potential the re- 

maining four being regarded as polar nuclei. This is supported by the 
fact that both Bahlgren (1916, 1937) and Haupt (1934) occasionally 
observed the peripheral cells to grow large and become egg-like and 
recently Mathur and Khan (1941) have reported the same thing in 
Yogelia indiea. Unfortunately, none of these workers has yet 
attempted a detailed investigation of the embryogeny and it still 
remains to be seen whether the remaining 3 eggs can also 
occasionally develop into embryos. It must, of course, be admitted 
that the micropylar egg, being more favourably placed than others 
for fertilisation, is the one that will develop in the majority of cases. 

Transitions from tetrasporic 16-nucleate to tetrasporic 8- 
nucleate embryo-sacs are not unknown (see Palm, 1915, on 
lanacetum ; Westergard, 1936, on Gagea ; and Fagerlind, 1937, 
on Cmcianella) . In Plumbago itself Fagerlind (1938a, p. 7) 
occasionally saw as many as 14 nuclei and Bahlgren (1916) 
mentions a similar thing in Armeria. 

Adoxa-typb 

The Adoxa4ype, previously called LiUum4ype ’’ and supposed 
to have a fairly wide distribution, especially among the monocots, 
is really of very rare occurrence. The appearance of the mature 
embryo-sac is entirely like that of the normal 8-nucleate type, but 
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tile origin is quite different. In tlie Adom-type^ the 4 megaspore 
nuclei, wliicii are not separated by walls, divide only once to form 
the 8 nuclei of the mature embryo-sac, while in the Normahtype : a 
single megaspore takes part in the development and three divisions 
take place before the stage of differentiation of the egg is reached. 
These relations are clearly brought out in Fig. 1. 

At present there are only a few plants in which an embryo-sac 
of this type is known to occur: — 

(1) Adoxa mosGhaUllina.--—Y]As plant was first investigated 
by Jdnsson (1879-80), whose account was confirmed in 1909 by 
Lagerberg. A more detailed investigation has been made very 
recently by Fagerlind (1938d), who also had at his disposal the pre- 
parations of Lagerberg. The embryo-sac is clearly tetrasporic and 
vacuolation begins only after the 4 megaspore nuclei have been 
formed. All the 4 nuclei divide once. Of these the two lying 
nearest the micropylar end and as well as the two lying nearest the 
chalazal end are very small, while the remaining four are almost 
equally large and conspicuous. The mature embryo-sac has 2 small 
and ephemeral synergids, 3 antipodal cells of which two are very 
small, an egg cell and 2 polar nuclei. 

(2) Sambueus racemosa . — ^Jonsson (1879-80), who first investi- 
gated this plant, reported a Normal-type of development . Lagerberg 
(1909) found an Adoxa4ype. Fagerlind (1938) re-examined the 
original preparations of Lagerberg and confirms that the embryo- 
sac is tetrasporic in this species as well as S, ebuhis, newly 
investigated by himself. He did not, however, have sufficient 
material at his disposal to decide whether the development is of the 
Adoxa- or Fritillaria-iype, Further work is, therefore, necessary to 
clear up this point. 

(3) Tulipa ostrovsldana (Eomanov, 1938), — The four mega- 
spore nuclei are arranged in 2pairs, one at each pole of the embryo - 
sac. All of them divide once to give rise to 8 nuclei which organise 
in the usual way, to form a normal-looking embryo-sac. 

(4) T. tetraphylla (Eomanov, 1938). — ^After meiosis, 3 of the 
megaspore nuclei move to the upper part of the embryo-sac and one 
to the lower. Then all divide once, forming 6 nuclei in the upper 
end and 2 in the lower. The micropylar part of the embryo-sac now 
organises 5 cells (one of which becomes the egg) and the chalazal 
organises one cell (the antipodal, which soon dies) ; the 2 free 
nuclei left in the middle of the sac are the polars. 

(5) LimnaniJies (Eysel, 1937). — ^A reinvestigation of 

this plant has confirmed Stenar’s report that the emhr^m-sac is of 
the Adoxa-type, Differences in the sizes of the nuclei are quite 
frequent, those towards the chalazal end being progressively smaller 
in many cases. The antipodais are thus very small from the 
beginning and quite ephemeral in most cases. The synergids on the 
other hand, are large and prominent and undoubtedly play an 
important role in the nutritional physiology of the embryo-sac. 
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(6) Brythronium alUdum (Cooper, 1939). — Of the four mega- 
spore nuclei, the two micropylar and the upper chalazal divide 
normally. The remaining lowest nucleus enters upon a more or 
less abortive division. The organisation of the mature embryo- 
sac is thus similar to thsat ot Lilium but the origin is different. 

Ill my last article I gave a list of the cases in which the Adowa- 
type had been reported but which were showu or suspected, on good 
reasons, to be incorrect. Since then some other cases of a similar 
nature have been brought to light : — 

In the Ulmacese, a tetrasporic 8-nucleate embryo-sac of the 
Adom4ype is known to occur in Ulmus americana (Shattuck, 1905), 
V. hollandica helgiea^ U. wilsoniana and U, pumila pinnatoramosa 
(Leliveld, 1935) and U: fulva (Walker, 1938 ^&). Shattuck (1905) 
mentions, however, that occasionally the embryo-sac may show 8--16 
or even more free nuclei, but this condition was not fully investi- 
gated. Leliveld^s work is even more brief, but she states that occa- 
sionally there may be more than 3 antipodals, although always in a 
rudimentary state. Walker (1938c&) once saw* a 12-nucleate embryo- 
sac in U. fulva, Fagerlind (1938d) saw a preparation of an unidenti- 
fied species of Ulmus in Prof. Eosenberg’s collection in which 
an embryo-sac which was still young showed 2 nuclei at the 
micropylar end and six at the chalazal. Some fixed material of 
Ulmus (specific name not mentioned), also provided by Prof. 
Eosenberg and studied by Fagerlind, showed mature embryo-sacs 
in which the antipodal cells were always found to be more than 
3, although their number could not be exactly counted because 
degeneration had already set in. From a critical study of the figures 
and statements of other authors as well as of his own preparations, 
Fagerlind suspects that the embryo-sac of Ulmus is probably 16- 
nucleate and the development corresponds with the JDrusa-form 
described by Hakansson (1923, 1927). Occasionally the number 
of nuclei may be less than 16 due to failure of the last division in 
some of the chalazal nuclei. 

In the Santalacem two spp. of the genus Thesium, T, intermedium 
and jT. monianum^ investigated by Modilewski (1928) and Schulle 
(1933) respectively, are reported to have an Adoxa4ype of embryo- 
sac. In IT. divarieatum Guignard (1885) had previously reported 
Normal4ype \ recently Schaeppi and Steindl (1937) have confirmed 
this in Osyris alba, and Srinivasa Iyengar (1937) in Santalum 
album. Since neither Modilewski nor Schulle studied their plants 
thoroughly, their observations must now be regarded as doubtful. 

Young (1923) stated that in the common potato the develop- 
ment of the embryo-sac is, of the Lilium4ype {Adoxa4ype), Eees- 
Leonard (1935) and Lamm (1937) have corrected this and found a 
Normal4yp6, Since the three micropylar megaspores degenerate 
very early, they were missed by Young. 

Miller (1919) reported that in Zea mays all the 4 megaspore 
nuclei enter into the formation of the embryo-sac. Weatherwax 
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(1919) and Cooper (1938) Iiave, however, showm that a tetrad of 
megaspores is formed as usual and the lowest of these functions to 
form 2 k Normal-type of embryo -sac. 

McColliiiii (1939) has recently described the development of 
the embryo-sac of Gomwielina angusiifolia, It seems quite certain 
that all the four nuclei resulting from the meiotie divisions of the 
megaspore mother cell, enter into the structure of the embryo -sac; 
The lack of any evidence of vralls separating the nuclei, also the lack 
of any evidence of disintegration of any of these nuclei points defi- 
nitely to the same conclusion.'’^ In spite of the certainty in the 
author’s mind there is nothing in his figures to convince a critical 
observer of the correctness of his statements. In another sp. of the 
same genus C. bengJialensis, Maheshwari and Singh (1934) have 
already demonstrated a Normal-type of embryo-sac and more recently 
Lakshmi-hTarasimhamurthy (1938) has done the same in several 
other members of the family. 

Miss Duthie’s work (1930) on Lilium tigrinum escaped my 
notice on the last occasion. She has reported an Adoxa4ype of 
development. This is obviously incorrect, for in this species as well 
as many others belonging to the same genus, the Fritillaria-iype 
now been clearly demonstrated by Cooper (1935). The error is due 
to Miss Buthie^s ignorance of Bambacioni’s work on Fritillaria. 

Joshi (1937) has recently investigated the embryo-sac of Aloe 
vera and found that the development is not of the Adoxa-type as 
supposed by Gioelli (1930) for several species of the genus. A 
normal tetrad of megaspores is formed of which the lowest functions 
and gives rise to a monosporic 8-nucleate gametophyte. Schnarf 
and Wunderlich (1939) have also contradicted the account of Gioelli, 
which was already regarded as very doubtful (Maheshwari, 1937). 

Mauritzon (1936) thought that in Costus igneus the develoimient 
is very probably of the Adoxa-type, Banerji (1940) has recently 
published an account of the life-history of another species, 0. 
speciosus, and finds that the embryo-sac develops according to the 
Normal-type^ the only variable feature being the arrangement of the 
megaspores which frequently form more or less isobiiaterai tetrads. 
Mauritzon’s observations which are rather fragnientary, seem to be 
incorrect. 

Conclusion 

A review of all the known types of embryo-sacs leads one to 
the conclusion that the monosporic 8-nucleate type is the most 
primitive and the one from which all the others may be derived with 
the least difficulty. 

The relationship of the Oenothera-type to tlae Normal-type is 
easy to understand. In the origin of the former the chalazal half 
of the embryo-sac has entirely disappeared and there is one division 
less so that no more than 4-nuclei are formed. A transitional stage 
is seen in the Lythrace^ which display a reduction in the number of 
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divisions at tlie lower end of the embryo -sac. It is noteworthy that 
the fonr-iiiicleate monosporic embryo-sac has so far been found only 
in the Oenotheraeece, all other claims having been proved to be un- 
trustworthy. , 

The Allkm-type ot embryo-sac is obviously the result of a 
failure of wall -formation during the second reduction division. 
Cases are known where rudimentary w'alls are laid down but soon 
disappear. 

The remaining types of embryo-sacs are tetrasporic and are 
characterised by a complete lack of any permanent w’-ails during 
megasporogenesis. The 16-nucleate condition {Feperomia-type) seen 
in a number of plants, belonging to diverse fpiilies, results from 2 
further divisions after this stage. In the Fntillaria4ype the number 
of divisions is the same but due to a fusion of the 3 spindles in the 
chaiazal end, the primary four-nucleate stage is followed by a 
secondary four-nucleate 'one which gives rise to an 8-nucleate condi- 
tion only after the next division. In the recently discovered 
Plumhagella4ype the development stops at the secondary four- 
nucleate stage and the embryo-sac is organised with only one anti- 
podal, 2 polar nuclei and an egg. Flumbagella micrantlia is, as yet, 
the sole representative of this type of development. 

In a very few plants of the Plumbaginacese the 4 megaspore 
nuclei divide once to form 8, of which 4 remain arranged peripherally, 
one of them forming the egg, and 4 fuse in the centre. This type, 
first discovered in Plumbago capensis by Haupt (1934), is related 
on the one hand to the type found in Pencea and on the other to that 
in Acalypha indiea (Maheshwari, 1940). 

The Adom4ype like Plumbago is characterised by 3 successive 
nuclear divisions from the megaspore mother cell to the egg-cell. 
The organisation of the mature embryo-sac is, however, different and 
more nearly resembles the Formal4ype, 

It would be interesting and helpful to note here the chief kinds 
of traps and pitfalls into which embryologists have frequently 
fallen. 

The early disappearance of the 3 antipodals has been responsible 
for a number of reports of 5-nucleate (before polar fusion) and 4- 
nucleate (after polar fusion) embryo-sacs, although all the 8 
nuclei are actually present in the beginning. Some 16-nucleate 
embryo-sacs have also passed as 8-nucleate because of the disappear- 
ance of a number of antipodal cells. 

The degenerating megaspores which sometimes persist for a long 
time have been responsible for a few mistakes in the opposite direc- 
tion. A good example is the embryo -sac of the Oenotheraeece, which 
for a long time passed as an Smucleate one, because of the persis- 
tence of the cells at the chalazal end which look very mxxch like 
antipodals but are really outside the boundary of the embryo-sac. 
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Sometimes the nueellar cells or nuclei may get incorporated in the 

sac as a result of poor technique. 

There are several examples of perfectly normal monosporic 
embryo-sacs having been mistaken as bisporic or tetrasporic through 
insufficiency of material or a somewhat too keen desire to find 
something deviating from the normal course of development. If 
in Fig. 3 under the Normal-type stages 2 and 3 and the degenerating 
megaspores in 4 are overlooked, the embryo-sac would easily pass as a 
tetrasporic one. For a critical observer another test is, nevertheless, 
available. The 2- and 4-nucleate stages of a monosporic embryo- 
sac always show a large central vacuole, while this is hardly ever 
the case in the tetrasporic embryo-sacs, where such a large vacuole 
is seen only after the 4-nucieate stage is over. 




In this case vacuo- 
lation begins after 
the 4-nucieate stage, 


Figs. 3. — Diagrams showing the difference in development between 
a monosporic 8 -nucleate and tetrasporic 8 -nucleate embryo-sac. Note the 
difference in vacuolation between the 4-nucleate stages of the two types. 


In conclusion, I am tempted to quote a few" sentences from 
Dr. Johansen’s leceiit hook on Plant Microtechnique 477): — 

In perhaps no other field of botanical investigation are there 
so many opportunities for making erroneous interpretations as 
during the development of the megagametophyte. As an instance 
there might be cited the ease of Lilium^ wdiose development -was 
intensely investigated for many decades, yet it was not until a few 
years ago that the correct sequence of events was described. In 
so far as the purely technical aspects are concerned, sources of 
error may arise because of inadequate fixation, poorly differentiated 
stains, but above all from using too thin sections. The last fault is 
the most prevalent one ; many embryoiogists habitually cut sections 
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as thin as 5/x and then attempt to follow out the course of events 
by means of reconstructions. It is a far better procedure to deter- 
mine the approximate diameter of the megasporocytes, niegaspores, 
and megagametophytes at their various stages of growth and to 
adjust the thickness of the sections to correspond to each stage. 
The megagametophyte of Lilium during meiosis averages between 
30 and 36/x in diameter ; consequently the optimum thickness for 
sections at this stage is 24/^.’’ 

Several notable improvements have been made during recent 
years in embryological technique, by which quicker and more 
precise results can be obtained. These will be dealt with at a later 
date in a separate paper. 
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As moEtioned in m earlier note (Puri, 1934), Rutgers (1923) made 
some astonisMng observations -with regard to the development of 
tbe female gametopbyte and tbe embryo in Iforinga oleifera. His 
interpretations bave already been sbov^n to be based on insufficient 
data. It is now* proposed to describe tbe morphology of this plant 
in some greater detail. 

Collections of tbe material irere begun at Agra in 1933 and 
continued at Meerut at different times and from different plants. 
Of tbe various fixatives used, Nawascbin’s fluid (Obamberlain, 1934, 
p. 388) gave tbe most satisfactory results. Sections were cut 
5-12 microns thick. Por staining, largest use was made of iron- 
alum -baematoxylin followed by picric acid for differentiation 
(Mabesbwari, 1933). 

E ABLY Development op the Anthee 

In eacb flower there is an inner whorl of 5 perfect stamens 
followed by an outer w'bori of 5-^ antber-less staminodes. Tbe 
anther starts its development as a homogeneous mass of meriste- 
matic cells surrounded by epidermis. To begin with its outbne 
is more or less circular in cross-section but soon it becomes oval and 
then faintly 4-lobed. The arcbesporial tissue differentiates at only 
two inner lobes instead of tbe usual four (Fig. 1). The result is a 
M-locular anther, the like of which has also been reported in 
Modea (Wylie, 1904), Btyflelia longifoUa (Brough, 1924), JPhora- 
dendron (Bilbngs, 1932), Wolffia (Gupta, 1935), Aeginetia indiea 
(Juliano, 1935 a), ValUsneria (Witmer, 1931) and others. 

In a few* fiow^ers, collected late in the season, some of tbe anthers 
showed four complete sporangia while in some others the extra pair 
was some-what smaller than the other. In such flow'ers some of the 
staminodes, which usually end blindly, were also seen hearing a 
conical structure at their tips. 

With regard to the evolutionary sequence of the bi-sporangiate 
and tbe more common tetra-sporangiate condition, Campbell (1897) 
has expressed the opinion that in the genus Naias, wdiere all stages 
from one to four loculi may he seen in the anthers, the single loculus 
represents the primitive condition and that a idural number is 
formed by its subdivision. Recently, Witmer (1937) has adduced 
evidence in support of this opinion from his study of ValUsneria 
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spiralis. In this species the sporogenons tissue of both the stamens 
originates as one common mass, hut later on, as the tivo stamens 
become distinguishable by a depression of the epidermal layer in the 
centre, a sterilisation of the hypodermal archesporial cells in that 
region results in two groups. A second sterilisation process divides 
each of the latter into two parts, which represent the two loculi of 
an anther. In the same Way, further sterilisation may produce a 
tri- or tetra-locular condition. 

In Moringa it seems more likely that the bi-sporangiate condi- 
tion is derived from the tetra-sporangiate one. This is indicated 
by gradual reduction of loculi from 4 to 2 in a few cases 
mentioned above. 

The Tapetum and the Spohogenous Tissue 

The sporogenons tissue becomes clearly distinguishable only 
after one or two wall layers have been cut off (Fig. 1). It is now 
seen in a transverse section of the anther as a plate of about a 
dozen cells with deeply staining cytoplasm and somewdiat prominent 
nuclei. The wall cells undergo several periclin^l and anticlinal 
divisions till about 4-6 layers are formed on the sides. 

The innermost of the wall layers differentiates into the tapetum 
vrhich, as usual, attains the climax of its development about the time 
of reduction diviuon in the spore mother cells. The tapetal cells 
are mostly 2-nucleate, but some, especially the larger ones, may 
show a greater number of nuclei. Fig. 2 show's a tapetal cell With 
the nucleus in telophase. I have never come across any amitotic 
divisions but during later stages the nuclei of a cell fuse and merge 
into a single nucleus which presents a hi-, tri-, or a multi-nucleolate 
appearance , probably depending on the nmnber of nuclei taking 
part in its formation (Fig. 3). Eaghavan (1938 a} has also reported 
such a fusion of nuclei in the tapetal cells of Gynandropsis penta- 
phylla. According to him the fusion follows so quickly upon the 
division that it is hard to find tbem in a separate condition ’h 
Bhargava (1936) and Singh (1936) have also recorded the fusion of 
tapetal nuclei in Chenopodium and Ranunculus respectively. 
Cooper (1933) has made a detailed study of the behaviour of the 
tapetal nuclei in 43 species of Angiosperm and he has reached the 
conclusion that in some cases the nucleus divides more than once 
and, depending upon the incompleteness or completeness of the 
division, the mature cell is uni-, bi-, or pluri-nucleate. Evidently 
he does not believe in the fusion of the tapetal nuclei. 

The tapetal cells on the inner side of the locnlns are always 2-3 
times more elongated radially than those on the outer side (Fig. 6) . 
They contain a larger number of nuclei and comparatively bigger 
vacuoles. A similar difference in the size of the tapetal cells on the 
two sides has also been reported in ScropJiularia nodosa {Goultev and 
Chamberlain, 1903), (Gates and Bees, 1921) and 

Salvia melUfera (Carlson and Stuart, 1936). In Laetuca saliva it 
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is furtlier reported that tlie elongated cells are 4-niicleate, while the 
smaller ones generally contain only two nnclei. 

Ahont the time the microspores are formed, a large number of 
small globules is seen on the inner and radial walls of the tapetai 
cells and in smaller quantities on the ceil Walls of the middle layers 
as well. Quite often they have been observed to lie inside the loculus 
and adjacent to the microspores and give the same staining reaction 
as the exine. Gorczynski’s observations (1935) on Gardamine 
cJienopodiifoUa seem to be of much interest in this connection. His 
fig. 57 shows that the exine first begins to develop on that side of the 
pollen grain which is towards the tapetum. Later on, however, 
it extends on all sides (his figs. 56 and 58). Kosmath (1927), 
who has also observed such globules in several plants, concludes that 
chemically this substance is similar to cutin and gives the same 
staining reaction as the exine of pollen grains. 

Bobmation of Micbospobes 

Simultaneously with the development of the tapetum the 
sporogenous cells show an increase in size as well as in number. 
Finally the divisions cease and the cytoplasm of the cells begins to 
round up to some extent. At this stage, the nucleolus of the mother 
cells shows a number of dark spherical bodies within it. In one of 
the nucleoli in Fig. 4 thirteen such bodies can be counted. I am 
not in a position to make any statement on the nature of these 
structures. 

The mother cbUs now ent3r upon the prophase of the reduction 
division. The necleous stains very lightly and finally disappears. 
Simultaneoulsy with this, some large spherical bodies make their 
appearance within the nuclear membrane. Thirteen such bodies 
can be counted in Fig. 6. In all probability they are the ^^pro- 
chromosomes’’ similar to those recorded by Eaghavan (1938^) in 
Folanisia and Gynandropsis, Kuhn (1929) is reported by Eaghavan 
to have observed them in another species of the Capparidacese, 
Gapparis spinosa. 

Subsequently true chromosomes take the place of the pro- 
chromosomes”. In Fig. 7 fourteen bivalent chromosomes can be 
counted scattered about in diakinesis. The nuclear membrane now* 
disappears and its place is taken up by a densely staining zone of 
cytoplasm. Figs, 8, 9 show the metaphase and anaphase of the 
first division. The spindle is narrowt and pointed and alw^ays 
develops within the dark zone mentioned above. Some of the 
spindles which were cut transversely confirmed the chromosomes 
count of 28. Patel and Karayana (1938), on the other hand, 
report that the diploid number is 30 (28 + '2 fragments). I could 
not make out any such fragments in my preparations. In anaphase 
stage some chromosomes were frequently seen lagging. 

Sa 
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Figs. 1-14.— Fig. 1. T.s. of a young anther showing sporogenons 
tissue differentiating at only two places (X 330), Fig. 2, A tapetalcell 
with nncleus in telophase ( x 460). Fig. 3. Tapetal cells showing small 
dot-like globnles along the inner and radial walls. Note the iobed nuclei 
(X 330). Fig. 4. A group of microspore -mother cells. Note the black 
bodies within the nucleoli ( X 460). Fig. 5. T.s. of a bi-sporangiate anther 
showing unequal development of tapetal cells on the inner and the outer 
sides of the loculus ( X 56). Fig. 6. Microspore-mother cell showing 
pro chromosomes ” prior to first reduction division ( X 460). Fig. 7. The 
same in diakinesis withi4 bivalents ( x 460). Fig. 8. Metaphasic spindle 
in polar view ( X 460). Fig, 0. Anaphase stage ( X 460). Fig. 10. Meta- 
phase spindles of second division ( X 460 ). Fi g. 11. One -nucleate pollen 
grain with nucleus in the centre ( X 460). Fig. 12. The same with nucleus 
pushed to one side ( x 460). Fig. 13. Telophase of the first division 
of the microspore nucleus tx 460). Fig. 14. The 2 -celled pollen grain 
ix 4S0). , ■ ■ 

After tto chromosomes haT-e reached tke poles, each group 
organises into a telophase nucleus. The nuclear membrane and 
one or tyro nucleoli no-w* make their appearance. With the stain that 
I used {iron-alum-hscmatoxylin), most of the available space within 
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the nuclear membraae appears at this stage to he occupied hy the 

nucleolus. 

E'o partition -wall is formed between tlie daugMer nuclei, -wMcli 
promptly enter upon the second division. The spindles may lie in 
the same plane or at right angles to one another (hig. 10). In early 
telophase the chromosomes form a more or less confused mass in the 
centre of the nucleus. According to the positions of the spindles 
the tetrads may be tetrahedral, isobilateral or quadrate. It may be 
of some interest here to record that while all th^. mother cells of a 
loculus generally show the same stages, there is invariably some 
difference in thd degree of their development, in the two locnli of 
the same anther. Eor instance, if one locnlus shows the metaphase 
of the first division, the other may show the telophase of the second 
division or even the tetra-nucleate condition. In some cases a slight 
difference has also been noted in the upper and lower ends of the 
same loculus. 

During recent years a good deal has been written upon the 
behaviour and ultimate fate of the wall of the microspore-mother 
cells. Among others, Gates (1925) and Castetter (1926) are of the 
opinion that the mother cell wall alw'ays remains in tact and that 
within this a thick gelatinous Wail is secreted by the cytoplasm. 
C. H. Darr (1916) and W. K. Earr (1920), on the other hand, are 
strong exponents of the view that the mother cell wall actually 
rounds off with the rounding of the protoplast and ultimately gelati- 
nises to form a thick covering for the latter. In Moringa the mother 
cell wall does not round off nor does it separate from the adjacent 
walls except at the corners. In preparations counter-stained with 
fast green it is not difScult to distinguish it from the gelatinous 
layer on its inner side. The latter becomes more and more dense 
towards the periphery. Beer (1911) also draws attention to this 
difference in the density of the gelations wall in Ipomoea but 
believes that the outer portion is formed by the gelatinisation of the 
mother cell wall while the inoer portion is secreted by the cyto- 
plasm itself- In many cases an apparently empty space w‘as 
observed bet-Ween the primary wall and the gelatinous layer and in 
other cases between the latter and the protoplast. These appear- 
ances are probably the results of bad fixation. 

Cytokinesis occurs through furrowing and it appears to take 
place very rapidly. Wedge-shaped projections make their appear- 
ance in the gelatinous wall and pierce into the protoplast. As a 
result the mother cell divides into four equal parts, its wall dis- 
appearing after a short while. 

The Male Gametophyte 

The separating microspoies are more or less triangular in form 
(in sectional view) but they soon round off and lie scattered in the 
loculus. The nucleus, Which is surrounded by a layer of dense 
cytoplasm (Eig. 11), is pushed towards one side of the wall (Eig. 12). 
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Pig. 13 represents the telophase spindle whose one end lies very 
close to the periphery. The two resulting cells are consequently 
very unequal in size (Pig. 14). The question whether the formation 
of a cell plate in this division is also followed by a real cell wall still 
remains an open one. Wulh and Maheshwari (1938) have already 
discussed the present state of our knowledge very adequately. In 
my own preparations I have not been able to make out any definite 
cell wall ; what is actually seen is a clear space separating the genera- 
tive cell from the vegetative one. A little later the nucleus of the 
generative cell appears to enlarge, the clear space between the two 
cells is no longer distinguishable and the generative cell penetrates, 
as it were, into the vegetative plasm. In some aceto-carmine smears 
I have observed that the generative cell divides within the anther- 
sac so that the mature pollen grain is 3-celled. 

The mature pollen grain is oblate spheroidal in form. The 
exine becomes moderately thickened and is finely but faintly 
granular. There are usually three clear-cut germ-pores situated 
equidistantly from one another in long, tapsring furrows whose 
margins are not sharply defined. The intine is rather thin but 
becomes considerably thickened in the regions underlying the 
pores. The size of the mature pollen grains varies from 20-26 
microns. In one exceptional case one very large 1-nucleate pollen 
grain was observed with five visible germ-pores. 

The Ovule 

The young ovule appears as a small protuberance consisting 
of a mass of homogeneous meristematic cells. At a very early stage, 
as a result of quicker growth of cells on one side, it begins to bend 
over to the opposite side (Fig. 16). By further growth in the same 
direction it becomes fully anatropous with its micropyle directed 
upwards. 

Megaspoeogenesis 

Usually one, hut sometimes 2-3 archesporial cells may differ- 
entiate in the hypo dermal region when the ovule is still very young. 
They have deep staining cytoplasm and prominent nuclei, and may 
lie in the same line or parallel to one another (Fig. 16). 

The two integuments appear almost simultaneously at the time 
of differentiation of the archesporium. Both of them remain 
entirely free from one another and also from the nucellus. Just as 
in the Capparidaceae (Mauritzon, 1934) and Tovariacese (Schurhoff, 
1926), the outer integument develops more quickly than the inner 
and on the side opposite to the funiculus it growls as a hood over the 
part of the micropyle formed by the inner integument. Con- 
sequently the micropyle presents not a straight but a zig-zag passage 
to the embryo-sac. 

At the time of maturity of the emhryo-sac the free tip of the 
inner integument becomes somewhat swollen on account of the 
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enlargement of its cells in that region and their becoming more or 
less papillose at their free ends. These cells are full of deep-stain- 
ing cytoplasm and appear to be glandular in nature. After fertili- 
sation the cells of the inner epidermis of the inner integument form 
a tapetum around the embryo-sac by becoming radially elongated 
and having deep staining cytoplasm. Usually they divide anticlinally 
but some of the cells may also undergo periclinal divisions, resulting 
in two or three layers of deep staining cells (Fig. 35). 

It may be interesting to record the occurrence of chlorophyll 
in the cells of the two integuments as w'eli as the chalazai. As far 
as I know, our information on this point is very scanty. Hofmeisto 
(1861, quoted in Schnarf, 1929) reported this, perhaps for the first 
time, in Brumvigia minor and Amaryllis belladona. Somewhat later 
Treub (1879, quoted in Schnarf, 1929) found it in the cells of both 
the integuments of Sobralia mierantJia and in 1898 Berg (quoted in 
Schnarf? 1929) reported its presence in the outer integument and a 
portion of the chalaza in Gladiolus communis. 

The archesporial cells divide in the usual manner to produce 
the primary wall cell and the megaspore mother ceil (Figs. 17). 
The former by repeated perclinal and anticlinal divisions fornis 2-3 
or even 4 layers of parietal tissue (Figs. 20-22). Butger’s statement 
that the archesporial cell does not divide and functions directly 
as the embryo-sac mother cell seems to be incorrect (see also 
Dahlgren, 1927 a). One of his own figures (Bo. 2) also raises some 
doubt as to the validity of his statement. 

The inegaspore mother cell then increases in size and prepares 
for the reduction' division. Fig. 20 shows it in the diakinesis stage. 
As a result of tw'o divisions a tetrad of four megaspores is produced 
which may either be linear (Fig. 21) or T-shaped (Fig. 22). Butgers 
found only T-shaped tetrads *, in my material both types are equally 
common. 

Mauritzon (1934) remarks that in the Capparidacese a thin and 
long nuceilus generally contains a linear tetrad while a small but 
broad one has a T-shaped one. Evidently he is explaining the 
occurrence of these tw^o types on the basis of the available space. 
In Moringa both the conditions are met with perhaps because the 
nuceilus here is neither very thin nor very broad ! 

Development OF THE Embeto-sac 

After the tetrad divisions there is a rapid enlargement of the 
chalazai megaspore accompanied by an early degeneration of its 
three sister cells. Polarity is established after the first division of 
the nucleus and a large central vacuole separates on . nucleus at 
each end (Fig. 24). The next two divisions result in the normal 
8-nucleate emhryo-sac. As is clear from Fig. 26, cell walls appear 
first around the antipodal nuclei; then the synergids and last of all 
the egg. 
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Oeganisation of the mature Embeyo-sag 

The Fgg Apparatus , — Tiie three cells composing the egg appa- 
ratus are nsnally quite normal. The synergids possess large promi- 
nent hooks and faint striations of cytoplasm in the upper part. In 
some cases one or both the sj^nergids we ^e observed to assume the 
egg-like appearance by changing the relative positions of thennclenB 
and the vacuole. Cases of this type have been reported by many 
authors in different families (see among others Joshi, 1936 ; Joliri^ 
1936 ; Puri, 1939). The egg hangs down to a lower level than the 
synergids and its nnciens lies adjacent to the lower limiting mem- 
brane. 

The Polar Nuclei , — They are the biggest of all the emhryo-sac 
nuclei. They meet in the middle and then ascend together and 
finally come to lie just beneath the egg apparatus. Although 
closely adpressed together they do not fuse until after fertilisation 
w'hen the second male nucleus comes to lie by the side of one 
of them. 

The Antipodal Cells , — There are three antipodal cells contained 
in the conical chalazal end. They usually degenerate very early and 
this is perhaps the reason why Rutgers considered the embryo-sac 
to be 5-nucIeate. In some cases, however, I could distinguish their 
remains even after fertilisation. 

It may be worth while at this stage to describe the changes which 
take place in the form of the embryo-sac. At the 2-micleate 
stage (Eig. 24), it is broader at the micropyiar end aud tapers down- 
wards. It continues to be like this up to the free 8-nucleate stage 
when the embryo-sac appears as more or less conical with its apex 
directed down. Henceforth the centre of enlargement begins 
to shift towards the chalazal end. A tendency to this effect is 
noticeable in Eig. 27. After some time the embryo-sac becomes 
broadest in the middle and tapers somewhat at the two ends. This 
condition persists for some time after fertilisation and then is again 
followed by a more or less conical form resulting out of an excessive 
enlargement of the chalazal end. In some cases the micropyiar 
part becomes very narrow and the embiyo-sac appears more cr less 
flask-shaped with a very long and narrow neck. One such case is 
shown in Eig. 36 where a little bit of collapsing of the inner integu- 
ment has added to the effect. 


two arcliesporial cells lying parallel to each other ( X 700), Eig. 17. The 
archesporial cell has divided into a wall cell and a megaspore-mother ceil^ 
slightly oblique ( X 700). Fig. 18. Two megaspore-mother cells lying 
parallel t-o each other ( X 700). Figs, 19-20. Megaspore-mother cells in 
preparation of the division ( X 700). Figs. 21-22. Linear and T-shaped 
tetrads of megaspores ( X 440). Fig. 23. Vertical section of an ovule 
showing unequal grow^th of the outer integument and teo mother cells 
functioning { X 56). Figs. 24-25. 2- and 4-nucleate embryo-sacs { X 440). 
Fig. 26. 8-Nucleate stage showing formation of antipodals ( X 440). 
Fig. 27. Same showing differentiation of cells at micropyiar end also and 
the meeting of polar nuclei ( X 440)* 
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The freshly organised embryo-sac contains starch grains of 
varying sizes. They are especially abundant at the time of fertili- 
sation when they occur even in the cells of the egg apparatus. 
According to Dahlgren (1927 h) the starch content of the embryo- 
sac reaches its iriaximum shortly before fertilisation and from that 
time onward it diminishes more or less rapidly. He explains this 
on the basis of relative inactivity of the embryo-sac at that time. 

POX^LINATION AND FEETILISAHON 

Pollination is effected by bees which visit the flowers in large 
numbers in the morning hours. The two ant 3rior petals form a 
suitable landing place for them. Engler and Prantl (1936) quote. 
Gould as having noticed pollination in Moringa oleifera being effected 
by a bird {Mellisuga minima Gould) in Jamaica and St. Domingo. 
At Meerut I never saw any birds visiting the flow^'ers in such large 
numbers as to be of much service in pollinating them on a large 
scale. 

At the time of germination the pollen grain swells and the intine 
begins to protrude out of every germ pore. Later only one protu- 
berance develops further and forms the pollen tube. 

In some cas3S the pollen grains had begun to germinate in situ^ 
although the tubes w-ere hardly longer than the radius of the pollen 
grain. It was observed that the occasional muggy weather caused 
by winter rains encourages gernunation in the anther. Weinstein 
(1926) also states that in FMseolus vulgaris many pollen grains 
begin to germinate within the anther and develop tubes of 
considerable length. Germination of pollen grains in the anther is, 
of course, well known in cleistogamous flow^ers (see Madge, 1929, 
on FioZa odorftta and West, 1930, on Viola rivinia Prisendahl, 
1929, on Elatine ; Mahoshwari and Singh, 1935, on Gommelina 
benghalensis). 

The stigmatio cells are very rich in cytoplasm and take a deeper 
stain than the cells lower down. The inner epidermis of the style 
also shows these features but not in such a high degree. The pollen 
tubes pass down along the wall of the canal, make their way through 
the micropyle and finally enter the embryo-sac by destroying one 
of the synergids. 

The hollow style opens directly to the exterior. The pollen 
mass deposited on its tip has often been observed to descend down 
into the interior of the stylar canal (Pig. 28). When I first observed 
this in my sections, I was led to think that some smallinsects (ants 
are often seen on flower parts) might have accidentally pushed it 
downward. Later, some flowers (on branchlets that were free from 
insects) were artificially pollinated and kept under a bell-jar. On 
dissection of these styles also the pollen mass was found to be pre- 
sent in the interior of the stylar canal. 

Gravity is out of question in this connection ; for, if it can work 
at all in this case, it must be in the opposite direction, since the 
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styles are bent doi?tnwards in open flowers. The only other expla- 
nation^ therefore, is that there is some sort of suction mechanism, as 
was suggested by Sahni (1935--36) in connection with a similar report 
on Butomopsis lanceolata (Johri, 1936). Carefnl observations were 
made to And out if there was anything like the pollination drop 
of gymnosperms on the top of the style. I did not succeed, how-- 
ever, in finding an actual exudation. 

One of the male nuclei discharged by the pollen tube enters the 
egg, lies by the side of its nucleus and ultimately fuses with it. 
The second male nucleus has been observed clinging to one of the 
polar nuclei before fusion. In both the fertilised egg and the 
primary endosperm nucleus more than one nucleolus can often be 
observed. 



Figs. 28-32.— Fig. 28. Diagram of a vertical section of the pistil to 
show the pollen mass in the interior of the style ( X 15). Fig. 29. T.s. 
ovule showing two micelli having a common outer integiiment but separate 
inner ones (X 26). Fig. 30. Two mature embryo -sacs lying parallel to 
each other. The separating wall is visible only for a part of the distance 
( X 460). Fig. 31. Two embryo-sacs lying one above the other ( x 460), 
Fig. 32. Mature embryo -sac having two extra pairs of nuclei. For expla- 
nation see text ( x 460). 
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Some Abnormalities 

In one case two nncelli, each having its own embryo-sac and 
inner integument, were found to be surrounded by a common outer 
integument (Fig. 29). Both the nucelii have an independent vas- 
cular supply and the condition appears to have arisen out of a fusion 
of two separate ovules at a very early stage. Witmer (1937) has 
reached a similar conclusion with regard to double ovules he observed 
in Vallisneria spiralis. Cases of double nucelii have also been 
recorded in Hartmannia (Johansen, 1929) and Eydrilla (Maheshwari, 
1936). Joshi (1936) has reported this to be very common in the 
faiiiily Lythracese. 

Sometimes the same nucellus was seen to have two or more 
embryo-sacs lying parallel to each other or one above the otlisr 
(Figs. 30-31). In either case it is equally likely that the different 
embryo-sacs may be derived from the products of the same or diff- 
erent mother cells. For instance, the condition illustrated in Fig. 30 
can be obtained from the megaspores of two different tetrads as well 
as from those of the samci tetrad after one of the megaspores has 
undergone a little sliding growth over the other. Similarly the 
condition shown in Fig. 31 can be derived from that depicted in 
Fig. 23 or from the megaspores of the same tetrad. But since more 
than one megaspore from a tetrad has never been observed to function 
it seems more likely that they have developed from different mother 
cells. 

In some cases one, two or four additional nuclei were seen lying 
in the middle of the embryo-sac close to the polar nuclei. In the 
case sketched here in Fig. 32, thare a^e four such nuclei, all practi- 
cally of the same size. Of the various sources from which such 
extra nuclei can be derived the following two appear to be quite 
pertinent here. 

In some oases the extra nuclei in the embryo-sac may be 
assigned to the surrounding micellar cells which after disintegration 
may set free their nuclei into the latter. Such a condition has 
actually been observed in Cocos nucif era (Quisumhing and Juliano, 
1921 Ydoml Or evillea robusta (Ksan.&ik, 193S), 

In other cases the additional nuclei may be due to the fusing 
together of two or more embryo-sacs of the same or different ages. 
On account of the fact that these nuclei are often larger than the 
ordinary nucellar nuclei, this appears to be the more prohahle cause. 
FrisendahFs (1927) drawing of a 16-nucleate embryo -sac in Elatine 
is a particularly clear case of the fusion of two gametophytes lying 
parallel to each other. Cases where fusion is not complete and the 
separating wall can he made out at places have been reported in 
Beseda alba (Oksijuk, 1929) ; Anona (Juliano, 1935, Fig. 25) ; and 
Bysowylem nutans (Wiger, 1935, Fig. 251), 5). 

Sterile Ovules.— It was surprising to find that in some ovaries 
all the ovules were sterile and their nucelii had protruded out of the 
inner integuments and come to lie in the micropyie. The place of 
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the embryo-sac was occupied by a very small mass of abiwnisb 
substance ■wbiob probably represents tbe disintegrated remains 
of tbe sporogenous tissue if any. In his work on the Onagracea, 
Johansen came across many oases of sterile ovules. In Gayoflytum 
ramosissimuM (Johansen, 1932} “after the second division in the 
young megagametophyte, the three upper groups of chromosomes 
which would form the egg nucleus and the synergid nuclei 
respectively, are unable to reconstitute themselves into nuclei but 
become clumped together and finally break down completely ”. 
In Moringa the wholesale sterilisation of all the ovules in some 
ovaries appears to have occurred at a still earlier stage and the 
cause seems to be more universal than localized. 


Endosperm 

The two polar nuclei lie close together but their fusion begins 
only after the arrival of the second male nucleus. After triple 



Pigs. 33-35. — Pig. 33. Embryo-sac with fertilized egg; endosperm 
binucleate ( X 460). Pig. 34. Portion of embryo -sac to show nneropylai- 
accumulation of endosperm nuclei around the egg. Isotc the gelatinous 
sheath separating the small micropylar chamber from the lower portion 
( X 460). Pig. 35. Vertical section of an exceptionally nariwv embryo- 
sac surrounded by integumentary tapetum (X 56). 
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fusion, the primary endosperm nucleus undergoes a series of very 
rapid divisions. Pig. 33 shovs the first two nuclei Of the endo- 
sperm which lie quite free in the embryo-sac. For some time the 
divisions continue to be simultaneous but in later stages only- 
neighbouring nuclei are seen in similar phases while there is a grada- 
tion of phases from one end of the embryo-sac to the other. As a 
rule a considerable aggregation of endosperm nnclei is seen in the 
micropylar end (Fig. 34) and a casnal observer may entirely miss the 
egg in this ‘crowd'. In some embryo-sacs the micropylar part of the 
endosperm -was found to he separated from the larger lower portion 
by a transverse gelatinous partition (Fig. 34) but in other cases 
it was quite absent and I am unable to throw any light on its nature. 
Mauritzoii (1935 a, Fig. 6, i) also describes and sketches a similar 
case in Empleumm serrulatum but does not say anything about its 
origin. 

Ceil formation begins at a very late stage in the micropylar 
end and is confined to that region. The cell walls are very 
indistinct and each ‘ cell ’ contains several nuclei. By the time 
the seed matures, the whole of the endosperm is used up and 
consequently the seed is non-endospermic. 

In some cases no egg could be detected at the micropylar end, 
nevertheless the endosperm was formed in the usual way. This led 
me to a dissection of mature seeds and as a result of this study it 
was found that about 15-20% of them have no embryos. Eeports 
of similar type by Joshi and Bao (1934) and Wiger (1935) have, 
however, invited much adverse criticism [see particularly Singh 
(1934) for the first and Mauritzon (1935 b) for the second], 

Embeyo 

The first division of the oospore is transverse and occurs when 
the fruit is already 3-4 inches in length and there are 3-4 hundred 
endosperm nuclei present within the embryo-sac cavity (Fig. 36). 
Such a late division has also been described toic Mangif era indica 
(Maheshwari, 1934), where a thousand free nuclei may he found in 
the endosperm before the egg divides. The next division which 
always occurs in the apical cell is generally *along the longitudinal 
axis of the embryo (Fig. 37). Sometimes, however, this is 
transverse and results in a linear row of three cells. In the former 
case the basal cell divides by a vertical partition and forms a 
quartet of four cells (Fig. 38). Fig. 39 showy’s another arrangement 
of the tour cells constituting the pro-embryo. Further divisions are 
rather irregular and result in a bulbous embryo and a massive 
suspensor (Fig; 40). 

A few interesting features have been noted regarding the posi- 
tion of the embryo. In^some cases it gets pushed out of the endo- 
stome and comes to lie in the exostome (the part of the micropyle 
formed by the outer integument). In one case an unusually large 
embryo of a more or less irregular form was found lying in such a 
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position (Pig. 41). How it arose there or got squeezed out into 
such a position from the embryo-sac is not clear. 



Figs. 36-41. — ^Figs. 36-40, Different stages in the development of 
pro -embryo and embryo ( x 460). Fig. 41. An embryo lying in the micro - 
pyle, outside the inner integument ; an exceptional position ( X 160 ). 


With further growth the globular embryo becomes biiobed. at 
the lower end due to cell diTisions being restricted to its periphery. 
The radicle, plumule and the two cotyledons are now differentiated 
in the usual way (Figs. 42, 43). Generally the two cotyledons are 
somewhat unequal in width and the larger one, although single near 
the hypoGotyl, becomes biiobed downwards (Figs. 44-48). This 
tricotyledonous condition is apparently a case of schizocotyly. In 
Fig. 44 the two cotyledons are very unequal in size. The smaller 
cotyledon on the left receives only three vascular traces w'hile the 
larger one gets just double their number. This may give the 
impression that the latter is a compound structure formed by the 
coalescence of two cotyledons. It must be pointed out, however, 
that the three traced condition is not the rule in the species, the 
number of traces a cotyledon receives apparently depending upon 
the size of the cotyledon. If both of them are more or less equal 
they may receive 4-5 traces each. 

As remarked by Compton (1913), the phenomenon of poly- 
cotyly is extremely rare in angiosperms, many of the reputed 
examples being simply instances of deeply bifid cotyledons. How- 
ever, it is knowm to occur in certain species of Fersoonia (Proteace®), 
Nuytsia and Loranthus (Compton, 1913). Becentiy Johnson (1936) 
has reported several instances of tricotyledonous embryos in 
Buginia Jiookeri.^ 
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Curiously enough, in some cases, the plumule also shows a 
hilohcd condition at the tip, one of the lobes being much smaller 
than the other (Figs. 45-47). The ring of the procambial tissue 
also show.s a corresponding split. 


Seed 


The mature seed is a white triangular structure measuring 
about an inch in length and y in thickness. It is provided with 
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tliree -wings running equidistantly along its length and produced 
at both ends beyond the main body ot the seed. 

The outer integuments consists of only 5-6 layers of cells at the 
time of fertilisation, but later on the number increases consider- 
ably due to meristematic activity -which is specially noticeable in 
sub-epidermal layers all round. The cells of the outer epidermis 
are rectangular or squarish in form and sho-w an increase in size 
to-wards the micropylar end. The inner epidermal layer, on the 
other hand, is not particularly different from the adjoining tissue 
(Fig. 49). At the three angles the outer hypodermal layers become 
specially active and soon form outgro-wths -which result in the 
■wings. 

The inner integument, which consists of only three layers to 
begin with, becomes 6-7 layered in a young seed. On the outer 
side it is delimited by small tangentially flattened cells which are 
very insignificant in the lower region but becomes radially elongated 
in the extreme micropylar end (Fig. 41). The inner epidermis, on 
the other hand, shows the reverse tendency. In the lower region 
it forms a prominent layer, the integumentary tapetum, whose cells 
are radially elongated and richly protoplasmic (Fig. 49). Tow'ards 
the micropylar end these cells become smaller and smaller till they 
are of the ordinary size. 

Fruit 

Soon after fertilisation, the perianth and stamens dry up and 
fall off so that nothing remains except the single slender pistil. At 
this stage the ovary wall consists of a homogeneous mass of paren- 
chymatous cells delimited on both sides by radially elongated 
epidermal cells. 

The ovary wall is 15-20 cells thick at the time of fertilisation 
but later on further increase is brought about by meristematic 
activity in some sub-epidermal layers. The intrafascicular cam- 
bium of the vascular bundles also becomes active producing more 
xylem than phloem. The cells of the periphery and specially those 
at the angles of the fruit become somewhat thicknened while the 
rest remain parenchymatous throughout. True stomata -with 
connecting intercellular spaces occur frequently in the outer epi- 
dermis. At intervals, the cells in the inner part of the pericarp 
become meristematic and form the parenchymatous tissue which 
fills the empty spaces between seeds. In dry fruits this appears 
as white flaky tissue surrounding the seed bn all sides. 

The mature fruit (“ drumstick ”) is a three-sided pendant 
capsule measuring 9-18" in length- When young, it is t-»isted and 
has nine ribs running along its length. But at maturity three of 
them become more prominent and result in a triquetrous fruit. 
Dehiscence starts from the distal end and proceeds tow'ards the 
base along the three angles. 
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Seedling 


While germinating seeds to test their viability I came across 
a few seedlings Which showed a small branch attached to the main 
shoot in the neighbourhood of the cotyledons. This branch was 
always found to be very small and appeared to be abortive. In 
one such case the main shoot and the little branch appeared to be 
emerging out of the cotyledons (Fig. 60). The tip of the former was 
injured in some way. In another case the small branch was given 
out from a point very close to the attachment of the cotyledons, 
but apparently it had no connection with the latter, that is, it was 
not growing in the axil of any of the cotyledons (Fig. 51). In the 
third case the branch was given out at a somewhat higher level 
(Mg. 52). 



Due to insufficiency of suitable material I could not determine 
the morphological nature of this “branch”. It seems desirable to 
grow some seedling to an older stage in order to determine definitely 
whether the structure in question is a young compound leaf or a 
branch. In the latter case it may have originated from a bud in the 
axil of one of the cotyledons or alternatively by splitting of the 
plumule. Cotyledonary buds have been reported in quite a number 
of eases. Tivari (1929) has described them in Cassia tora, Cicer 
arietinum and a few other plants. I myself have observed them in 
castor oil and mango. But here the fact that they have little 
connection with the cotyledons — i.e., do not arise in their axils — 
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goes ^ against their being regarded as cotyledonary. Close 
examination of Eigs. 4-5-47, on the other hand, appears to suggest 
that they may have originated by the splitting of the plumule. 

Summary 


The stamens are bisporangiate. Some tetra-sporangiate 
anthers are also reported and it is suggested that the former is a 
derived condition. 

The tapetal cells lying on the inner side are more elongated 
radially than those on the outer side. The larger cells usually 
contain three to four nuclei -which fuse together in later stages. 
At about the time of the micropsore formation small s|>herical 
bodies make their appearance along the walls of the tapetal cells. 
They show the same staining reaction as the ezine. 

The generative cell is separated from the vegetative cell by an 
apparently clear hyaline zone which disappears after some time. 

The development of the embryo-sac is of the JVoma^type, the 
three antipodal cells usually degenerating very early. 

A case of double ovule and several instances of ovaries having 
all sterile ovules have been described and a number of super- 
numerary nuclei have been reported. 

Pollination is effected by bees. The pollen mass Was usually 
seen within the hollow style. 

The first division of the fertilised egg is transverse and occurs 
When 3-4 hundred endosperm nuclei have been produced. A 
massive suspensor and a bulbous pro-embryo are formed. 
Whenever the cotyledons are of unequal size the larger of the two 
often splits up longitudinally into two giving a tricotyledonous 
appearance. 

Micropylar accumulation of endosperm nuclei is frequently 
noticed. Wall formation in the endosperm is very irregular and 
occurs only in the micropylar end. 

Seed, fruit and a few seedlings have also been described. 

I have great pleasure in recording my sincere thanks to my 
teacher, Dr. P. Maheshwari, for the interest he took in this work 
throughout its progress. I am also grateful to Prof. E. E. Gates 
(London) for the loan of some literature and to Prof. Knoll 
(Wenna), Br. Wo dehouse (Yonkers), Sir Arthur W. Hill and 
Br. Metcalfe (Kew) for their valuable suggestions concerning certain 
points. 
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iNTROBXrcxiON 

The water ferns, A^oUa and .Salvinia and the common Buck weeds, 
Lemna minor and Lemna major afford an attractiye field to a 
plant physiologist for working out pkotosynthetic, salt accumula- 
tion, effect of various factors on growth and a score of other similar 
problems. This is particularly so, owing to the ease in maintaining 
constant environmental conditions during the period of the experi- 
ment and a more ready means of demonstrating their growth. 
Whereas light and temperature can be easily controlled, it will be 
necessary to grow these plants in mineral solution, the chemical 
nature of which is also exactly known. It is a fact that any addi- 
tion of organic extracts will change the pH as was shown by Ashby^ 
and thus the conclusions drawn will be influenced by more than one 
factors. Besides this great drawback, when you add extract from 
any organic matter, you do not know the amount and nature of all 
the constituents thus added. The author was interested in the 
water culture experiments of Azolla filiculoides. The object was 
to be sure of successfully growing A^olla sp. in mineral solution of 
known composition without the addition of peat or yeast extracts. 
If this could be done, it would naturally form a stepping stone for 
other interesting physiological work. 

Eeview OF Literature 

Bottomley2 showed that the addition of extracts of ^ bacteriised ’ 
peat when added even in small quantities to wheat seedlings growing 
in water culture caused a marked increase in growth. Bottomley^ 
gave the name of ‘ auximone ’ (Gr. promoting growth) to these 
plant food accessories present in the peat extract. Later on, he^ 
conducted his experiments on Lemna minor in JDittmer solution 
and came to the conclusion that the presence of soluble organic 
matter is essential for healthy and complete growth of Lemna 
minor. An examination of the aqueous extract of ‘ bacterized ^ 
peat by Bottomley^ showed that it contained certain purine and 
pyrimidine bases, together with phosphoric acid. It was also 
successfully shown by the same author^ that the addition of the 

4 
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deriyatives from nucleic acid has a marked effect on the growth of 
Lemna, plants in water culture and secondly that the nitrogen 
fixing bacteria can elaborate products which stimulate growth. 

, From the preyious works already mentioned above, Bottomlev 
denmtely concluded that the addition of ‘ auximone ’ in the form of 
water extracts of ‘ baeterized ’ peat, etc., to the nutrient solution 
was absmutely essential for the proper and healthy growth of Lemna 
minor. He’^then tried Knop’s solution besides Dittmer solution 
and grew both Lemna minor and Lemna major, and came to the 
conclusion that the requirements of both the Lemna sp. were 
identical in both the solutions. 

, experiment of the series, he grew Salvinia natans, 

Azolla fiiicuioiaes, Limnobium stolonifenim, besides Lemna maior 
and Lemna minor to try the effect of organic matter on the grow^th 
of these plants. His conclusions are that all these plants were unable 
to maintain themselves in health without the presence of organic 
growth-promoting substances. ^ 

• regarding are interesting 

in tos respect that these plants, in the mineral solution only*’ 
retained their healthy appearance to a much longer extent than in 
the case oi the plants with which the previous trials were carried out 
probably on account of the symbiotic relationship with endonhic 
anabsena. Mockeridge^ was the chief supporter of the ‘ auximone ’ 
ffiaory md tried to refute the varilue objections aeS it 
^«r the death of Professor Bottomley. Mendiola. “by “gZ-Sno 
Lemna minor, in modified Pfeffer’s solution for months was the 
to qucsttonBottohdey's theory of • anitimoiie >. Ctok Im Mler» 
criticized the theory and successfully grew for months Duck-weed 
in a physiologically balanced mineral solution. They camrto tb^ 
conclusion that the function of organic matter in the nutrition of 
green plants might be to Incroa,. the speed of reproducSrand 
groAvth, rather than serve as an essential constituent. 

Saegerisdn dilute ordinary culture solution grew Spirodeh 
Lemna and other water plants. Wolfe^o ported out that Bottomley^ 

promote normal growtli. He even suggested that the tArm 
auximone might be dropped from the literature altogether. 

Ashhyi grew iemna imder controlled conditions in dilute salt 
solutions alone and also with the addition of water extracts of horse 
dung. His conclusions are that whereas Lemna could grow fu 
culture solutions of pure mineral salts indefinitely, the addition o^ 

SL ToS; “ ”* sta 

The Expebimental Technique 

fiUculoUes were care- 
fully selected from_ a tank and placed in clean tank water before 
using them for various experiments. ^ ocioie 


GBOWTE OF A. FILICULOIBES WITHOUT ^^AUXIMOME 2m 

Eresli weigM of the plants was taken as the criterion of growth. 
Hoagiand and Broj^er’s^^ method of finding fresh weight hy centri- 
fuging at the rate of 400 revolutions per ininnte for five minutes was 
successfully employed, Bor the details of this method original 
paper should he consulted. 

The plants were grown in one quarter strength of Hoagiand 
solutionis both with and without water-soluble extracts of ^ bact- 
erized ’ peat and Fieisohmann’s yeast. It was found much better 
to use yeast extracts, which were obtained by grounding weiglied 
quantities of yeast with sand in water. The'~mixturer was first 
filtered through a fine cloth and then it was centrifuged twice for 
five minutes at 4000 revolutions per minute and filtered again. 
This extract was added to one litre of quarter strength Hoagiand 
solution in the required doses. The peat extract was also similarly 
treated and used. The solution was changed once a week. The plants 
as a control were also grown side by side in the tank water. The 
beakers were wrapped on the sides with a black covet to cut ofi light. 

The plants were grown both in the green-house and under 
controlled conditions of light, temperature, etc. 

The temperature of the baths was controlled by mercury 
thermo-regulators and the beakers containing plants were placed 
inside clay pipes, two feet in height and eight inches in diameter. 
These pipes had series of holes both towards the bottom and the 
top so arranged that water and air could circulate freely and keep 
the temperature of the plants constanu within a range of ± 2® *0 0. 

The light was supplied for sixteen hours daily by the gas-filled 
Mazda lamps placed on the upper side of the pipes in dome-shaped 
covers. A Hartfold electric time switch of 220 volt and 50 ampere 
capacity was employed for controlling the daily illumination period. 
The light intensity was measured in some cases with a single photo- 
tromic cell, in foot-candles under experimental conditions. 

In all the experiments described below, by the mineral 
solution is meant one quarter strength Hoagiand 
solution. 

The Bata 

Experiment T.—The! A^olla plants were grown in eight difierent 
media for a period of fifteen days in the green-house. The weather 
was bright and clear throughout the experiment. The temperature 
of the green-house was throughout ap]Hoximately 20® C. The 
atmosphere was free from dust. The fresh weight of the plants was 
noted both in the beginning and at the end of the experiment. 

The following Table I shows : — 

(a) The details and amounts of the yeast and peat from 

which extracts were obtained by grounding the material 

with sand and water and then centrifuging and filtering. 

(b) The fresh weight of the plants at the beginning and at 

the end. 

(g) The per cent, increase in fresh weight in a fortnight. 
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Table I 

Shows the Increase in Weight of Azolla flliculoides in Different 
Media in a Fortnight, when Jcept in the Green-house at 20° ± 2® G. 




Fresh weight ! 



Serial 
No. ' 

The media 
used 

Initial 

Increase 
in two 
weeks 

Per cent, 
increase 

Eemarks 

1 

The mineral 

gm. 

4*072 

gm. 

3*648 

; ,| 

89*50 

The plants grown 

j 

2 i 

solution plus 
aqueous ex- 
tract of 6 gm. 
of yeast 

The mineral 

4*025 

! 

2*725 

i 

67*70 

with yeast extract 
showed more 
growth and bigger 
size, next in 
order were those 
supplied with 
peat extract. 

3 

solution plus 
aqueous ex- 
tract of 3 gm. 
of yeast 

The mineral solu- 

3*552 

2*248 

63*28 

The plants in 

4 

tion plus aque- 
ous extract of 
1 gm. of yeast 

The mineral solu- 

3*860 

2*540 

65*80 

Hoagland solution 
and in tank water 
looked compara- 
tively smaller in 
size. 

6 

tion with aque- 
ous extract of 
6 gm. of / bac- 
terized’ peat 

The mineral solu- 

3*90 

2*40 

61*54 


6 

tion plus aque- 
ous extract of 
3 gm. of ‘bac- 
terized’ peat 

The mineral solu- 

3*825 

2*275 

i ' , 

59 *47 


7 

tion plus aque- 
ous extract of 

1 gm. of ‘ bac- 
terized’ peat 

The mineral solu- 

3*600 

* 1*60 

44*20 


8 

tion 

Tank water 

3 *292 

1*12 

34*00 



Experiment II . — ^Tte plants were grown under controlled 
conditions of light and temperature. One set of beakers contained 
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tlie mineral solution only and to the other set extract from throe 
grams of yeast per litre -was added. These tvro sets were kept for a 
week under identical conditions of light and temperature. 

Table II 

Shows the Increase in Fresh Weight of Azolla filiouloides in One 
Weeh, when Cultivated under Controlled Conditions of Light 
and Temperature (20° ± 2° C.) With and Without Yeast 
Extract added to the Mineral Solution 



Per cent, increase in 
fresh weight in one week 


Light 

Intensity 

, Set I j 

Set II 

Eemarks 


' 1 
j 

with yeast ! 
extract 

without 

yeast 

extract 


100 Watts 

30-8 

20-0 

1 

The set with yeast extract 
showed better growth. 

500 Watts 

99*8 

91-5 

Increased light intensity and 
the yeast extract was indn- 
cive to growth. 


Experiment III.— After these two preliminary experiments) 
the cultivation of Azolla filieuloides was tried in the mineral solution, 
without any addition of organic matter extracts. This experiment 
was carried on for four months without the slightest deterioration 
in the growth and multiplication of the plants, provided light and 
temperature were not acting as limiting factors. 


Table III 

Shows the Average Increase in the Fresh Weight per Weelc 
in Different Illuminations and at Different Temperatures 


Tempera- 

ture 

Per cent, increase in fresh 
weight per week in diff- 
erent light intensities 

Remarks 

; ±2"C. 

71 *88 
foot- 
candles 

122*5 

foot- 

candles 

191*3 

foot- 

candles 

15" C. 

110*5 

164*0 

224*0 

With the increase in temperature 
and light intensity there was a 
marked increase in growth. Illu- 

20" C. 

129*0 

196*6 

254*0 

mination in ail cases was for 16 
hours daily. 
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Disotosioh 

1. Table I , — The growth of Azolla filiGuloides was the least iu 
the tank water. The plants showed better growth in the minera I 
solution as compared to the tank water. 

The addition of the yeast and peat extracts definitely improved 
the size and growth of the plants. The addition of yeast extract 
proved better than peat and the addition of more quantities of yeast 
or peat resulted in greater growth, but not proportionately, 

2. Table 11. —When Azolla filmiloides was cultivated under 
controlled conditions in the mineral solution with and without 
yeast extract in low (100 watts) and high (400 watts) light inten- 
sities at 20® db 2° C. there was 8 to 10 per cent, more growth in the 
mineral solution containing yeast extract. 

3. Table lll.—AzoUa filiculoides was successfully cultivated 
in the mineral solution at 15° and 20° ± 2° C. in the low, medium 
and high light intensities for four months continuously. The 
growth, multiplication and health of the plants was very satis- 
factory provided light and temperature were not acting as limiting 
factors. 

Plant Oroieth Substances, — In 1934 McoP® suggested the name 
i phytamin ^ as a generic name for the accessory food factors. The 
name ‘ phytamin ^ was intended to cover the sense of Bottomley’s 
‘ auximone Mcol suggested that the term ‘ auximone ^ is histo- 
rically valid and it ought to be restored. 

Fopofi^’ found that extracts of the roots, stems and growing 
tips of seedlings of maize greatly stimulated the growth of TJuglen^^ 
gracilis. 

It seems that growth-promotiiig hormones and ^ auximone ’ 
are allied and in their presence an increase in the size of the plants 
and the plant cells takes place as was noted by Ashby and Tincker.^^ 
Yeast extract is a source of ^ auximone ’ and Boysen Jensen® has 
produced growth-promoting substances from various fungi and 
bacteria. Indole-acetic acid, which is a very growth -promoting 
substance, is present in yeast in minute quantities, and this fact is 
mentioned by McoF® in his book. It is, however, important to 
remember that even the presence of ‘ auximone’ will not produce 
growth unless and until the environmental conditions of light, 
carbon dioxide, temperature, culture soution, etc., are present in a 
favonrable form. If the environmental conditions are favourable 
for the growth of the plants, then it is unnecessary to add orgauic 
matter, because growth will take place even in a purely dilute 
mineral solution, 

SuMMABY ANB 'Conclusions " 

1. Amlla filiculoides 'wm pown in the green-house in pyrex 
glass beakers in one litre solution of quarter strength of Hoagland 
solution with and without yeast and peat extracts of six, three and 
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one gram respectively. The Hoagland solution is referred in the 

paper as the mineral solution. 

2. The plants which were supplied with the yeast or peat- 
extracts showed better growth and developed larger sixe as com- 
pared to the plants developed in the mineral solution alone. 

3. The increased doses of the yeast and peat extracts induced 
greater growth but not proportionately. 

4. E’ext, the plants were grown under controlled conditions 
of light and temperature at 15'" and 20° 0. in the mineral solution, 
with and without aquatic extract of three grams of yeast. In one 
week, the set with yeast extract showed 8-10 lier cent, more 
growth. 

5. After these two preliminary experiments, AzoUa filietdoides 
was successfully grown in pure mineral solution for four months 
under controlled conditions of light and temperature. 

6. The growth and the health of the plants continued to be 
very good, provided light and temperature were not acting as 
limiting factors. 

7. The possibility ot gioyniig Azolla fiUcMloides in a physio- 
logically balanced mineral solution under suitable environments of 
light and temperature was proved beyond doubt. 

8. The addition of extracts from yeast and bacterized peat 
improved the growth and size of the plants, but their addition to the 
mineral solution was not essential for growth, 

9. It is now known that ^ auximone ^ obtained from yeast 
extract and some growth -promoting hormones have similar 
constituents of indole acetic acid and certain amino acids, which 
are excellent growth promoters, 

.10, It seems probable that Azolla fiUculoides is capable of 
producing ‘auximone’ within itself under suitable conditions of 
growth. This conclusion is drawn from the fact that it has been 
successfully grown in pure mineral solutions. 

11. The work under report was done during the author’s leave 
from the Punjab Agricultural College, Lyallpur, at Berkeley, the 
University of California. He is to record his thanks to Professor 
A. B. Davis, for his guidance and advice in the course of this work. 
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hapalophragmium PONDEROSUM ^YB 

ON ACACIA LEUCOPHLAEA WILLD. 

By M. J. Thietjmalachae 
Department of Botany, Central College, Bangalore 
Eeceived for pubKcation on February 14, 1941 

TBTO genus Hapalophragmium ■was first established by H and P 
Sydow m 1991 to include a species of rust on Herris conS Jafd 
named It E. dermdts H. et P. Syd. A new combination was mSe 
by Sydow’ by changing Triphragmium setulosum (Pat.) to Hap£ 
phragnnum setulosum (Pat.) Syd. Later on Sydow and Butle?* ;! 
scribed a new species ot Hapalophragmium on Acacia leucophlaa 
Which forms tumors, and named the species Hapalophraamium 
ponderosum Syd These gall-like structures were origiLuy S 
taken to be due to insect attack by many obseryers. B^carini’^ 
^ribed an ahied gall-fOTming Hapalophragmium on Acacia sp. viz 
H. acacia. Eeeently Hapalophragmium Tandonii Mitter has’ been 
observed on the leaves and petiole of Acacia leucophlaeamm bv 
Sydow, Mitter and Tandon®. 1 u. oj 


Desoeiption of the Bust 

Acacia leueophlaea is a thorny tree growing in dry waste lands 
Numerous tumors hanging persistently at the tips of the hmnchol 
are characteristic of an infected tree (Pig. 1). After one or two 
seasons, the tumors at the tips of the branches dry up and turn 
black in colour. Freshly formed tumours are of small size with 
IS ands of green indicating new outgrowths. Tumors are formed 
either by infection of flower buds or very young twigs One can 
observe the early stages of infection soon after the flowerins season 
The growth of the infected flower is very rapid due to hypernlasia 
resulting in the formation of a tumor. J P ■ P sia, 


The first external sign of infection is the enlargement of the 
peduncle and the thalamus (Pig. 2), and as growth advances thev 
become more and more globular and develop into tumors In earlv 
stages the remnants of the flower head can be made out on ' thn 

crown of the hypertrophied thalamus (Fig. 2). 

In many cases the pods are seen to be borne on the swollen 
thalamus (Fig. 2). In such cases infection must have taken place 
after the pod had been formed. In some cases the pods themselvoR 
had developed tumor-like excrescences (Pig. 3). 

The tumors found on the stem are few in number and less pro- 
nounced than those on the flowe-r buds, as thev seem to develop 
slowdy and remain on the plant for a very long time because of their 
firm attachment to the thick trunk. On the other hand the tumors 
formed by the infection of flower buds drop off following the wither- 
ing of the peduncle. .Young gaUs, 3 to 5 mm. in diameter, examined 
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tlirougli a magnifying lens, show tiny black specks incrnsted over 
their surfaces. 

jPreliminary study of the tumors collected in difterent seasons 
were made with free-hand sections cleared in lactophenoL Material 
for cytological study was fixed in Bouin^s fluid, and “Flemming’s 
weaker solution, embedded in paraffin after folio-wing the usual 
procedure. Sections of 8 to lOp in thickness w'ere cut, and stained 
with Heidenhain’s iron-alum haematoxyiin, with orange Q as 
counter-stain. Sections for the study of pathological anatomy 
of the gall were stained with safranin, with gentian violet in clove 
oil as counter-stain. For cytologicai studies, the tumor n aterial 
owing to its very hard nature, was ciW into thin slices, and infiltrated 
in glycerine after fixation "to lessen the hardness. Material for 
spore-germination studies was collected from well-developed tumors. 
The technique followed for germinating the spores was as described 
by the writer. 

Spoue Foems 

1. Telia , — Telia develop within the tumor when they are 
fully developed. Sydow and Butler^ have given a brief description 
of the teleutospores. Telia can be made out macrosoopically by 
their flufiy powdery appearance. The plectenchyma formed four 
to five cells deep in the tissue of the tumor, gives rise to slender 
sporophores, from the tips of which spore initials are ahstricted. 
From the tip cell by division, three cells are cut off, which are 
arranged in a triradiate manner, the odd spore being terminal. With 
the development of the spores in the enlarged sorus, the epidermis 
is ruptured. The spores remain attached to the stalk peristently 
within the telia (Fig, 4). 

The mature teliospores are three-celled. They are colourless 
when young, and become reddish-brown when mature, due to the 
accumulation of reserve materials. The germ pores are situated 
opposite tbe place of attachment (Fig. 14). They are made out in 
the mature spores, and become evident when the promycelia emerge 
as small pellicles. The spores are binu cleat e when young, and uni- 
nucleate when mature. The stages in the fusion of the two nuclei 
were observed in many cases. The nucleus after fusion possesses 
two nucleoli, which later on fuse. 

Geemination of Teleutospoees 

The spores from telia which are freshly formed germinate 
readily without a period of rest being necessary (Fig. 7). Spores 
from very old tumors do not germinate, as their contents have 
deteriorated. Fresh spores germinate within 24 hours, when placed 
on films of water condensed on the slides following the method 
suggested by the author. Submerged spores rarely germinate, 
and do not develop basidiospores, but only long sterigmata. ^^fter 
the extrusion of the germ tube, the promycelium develops and cuts 
off four cells. From each of these, a sterigma is developed which 
abstricts off a spore at the tip (Fig. 7). The first basidiospore to be 
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formed is the topmost one, developed from the sterigmata formed hj 
the tapering of the tip of the promycelinm. The ■basidiospores are 
nnimicleate in early stages and binuebate vhen mature. They are 
oval in shape and measure 10 x 8 /x (pig. 6). Germination of 
basidiospores even while still attached to the sterigmata was noticed 
in many cases. Development of secondary sporidia was not 
observed, as in TJromyces JELobsoni, 


Pycnia 


During the course of these studies the author was able to make 
out large number of pycnia in sections of the tumor. Sydow and 
Butler^ in describing this species do not mention the occurrence of 
pycnia. They are found in abundance on young tumors, and on 
new outgrowths from old tumors. This is the first record of pycnia 
for the genus Kapalophragmium. Pycnia are subepidermal extend- 
ing from the epidermis well into the mesophylL In sections they are 
oval in shape, and much flattened. The pycnosporophores are 
radially arranged. In a mature pycnium the ostioie is formed by 
the rupture of epidermis and cuticle, and contain nectar in which 
masses of pycnospores are embedded (Pigs. 8 and 11), Pycnial 
initials are formed by the concentration of hyphse beneath the 
epidermis. The pycnial my celia are uninucleate (Pig- 11). Pycno- 
spores are oval or spherical in shape. In studying pycnia in sec- 
tions an interewSting feature was noticed. Some of the pycnia were 
deep brown in colour even from the initial stages, and other hyalines. 
Their significance is not known. 
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Pathological Anatomy 

Tte tumor caused by Eapalophragmium ponderosum Syd. 
can be classed under tbe category of hyperplasia described 
by Smith.® The anatomical changes brought about are as 
follows : the vascular trace spreads out and structurally becomes 
a pseudostem. Xylem strands are drawn out towards the peri- 
phery (Fig. 10). In later stages one can hardly make out the redon 
of vascular cylinder. Due to rapid cell divisions, the diffuse 
tumor cells multiply in number. The xylem cells become distributed 
promiscuously within the tissue of the tumor. 

Eesemblance to Ceown-Gall 

The close resemblance of the tumors caused by Eapaloplrag- 
mium ponderasum to those by Bacterium tumefaciens with regards 
to pathological anatomy is extremely interesting. Both of them 
have tumors, which resemble each other in external form. The 
tubercle formed by the enlargement of the peduncle and the 
thalamus, has the pseudostem-like structure of Crown-<^all on 
‘ Paris-daisy,’ reported by Erwin p. Smith.® “ 

After the complete breakdown of the vascular cylinder the 
formation of cambiai cells takes place, distributed promiscuously. 
The function of the cambiai cells in normal cases, is to elaborate' 
out of its embryonic elements, tissues like xylem and phloem. But 
the cambium in the tumor shovs various abnormalities in its develon- 
ment. The polarity of xylem and phloem no longer exists, but 
irregular development takes place. The parenchymatous cells 
are profusely developed due to active cell division. 

Smith® showed that the tissue elaborated by the cambium in 
Crown-gall, were of primitive and embryonic type. The cambiai 
cells do not form mature xylem cells as in normal cases, but onlv 
tracheids. The parenchymatous cells also do not attain their 
normal size following cell division, but become reduced in size and 
spindle-shaped. In the tumors developed by the infection of 
Eapalophragmium &lso similar types of development of tracheids 

and spindle-shaped parenchymatous cells were observed (Fm 9) In 

mature tumors the development of numerous tumor strands could 
be made out (Figs. 13 and 9). They show the same anatomical 
features reported by Smith® in Crown-gall. The tracheids and 
spiral yessel^s are distinctly made out. Fuclear fragmentation 
reported by Smith® in Crown-gall was not observed, though enlaree- 
ment of the nucleus is of common occurrence. : 

Summing up the various cases in which the two show structural 
resemblance, it can be stated that they have in common large 


lucidadrawing of a pycnial initial (X 200). Pig. 13. Tumor strand cLatt 
ing the charactenstic tracheidal components and cambiai ceL (x 200)' 
Pig. 14 Camera lucida drayrtng of a teleutospore showing the girin pmes' 
and nuclear fusion in one of the cells ( x 600), ^ ^ 
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masses of rapidly dividing cells reduced in size, and forming liTpei- 
plasia, primitive and embryonic tracheidSj tumor strands and pro- 
miscuous distribution of cambia! cells. 

SUMMAEY 

1. Hapaloplragmium ponderosum Syd. is found to infect 
AG(^oi(i leucoplidlaed AVilld. and form ciiaracteristie tumors on tbe 
branches, flowers, and also pods. 

2. Teleutospores are stipitate, three-celled and persistent. 

3. Teleutospores germinate without a period of rest. Sporidia 
are binucleate and germinate in situ. 

4. Pycnia have been reported for the first time. 

5. Pathological anatomy has been studied. It resembles in 
all its anatomical and devlopmental features the Crown-gall of 
‘Paris Daisy’ and of other plants caused by Bacterium tumeiaciens. 

6. As in Crown-gall, the occurrence of hyperplasia, tumour 
strands, tracheids and spindle-shaped parenchymatous cells have 
been noticed in the tumor formed by the rust. " 

In conclusion the writer wishes to acknowledge his indebted- 
ness to Dr. M. A. Sampathkumaran, m.a., Ph.D., Professor of Botany, 
Central College, Bangalore, for guidance and encouragement in the 
course of this work. 
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M, J. TElBVMALAOEAJt 

EXPLANATION OF PLATE V 


Pig* 1. Photograph of an infected tree of Acacia leucophlma 
showing tamoTs at the tips of the branches. 

Pig. 2. Infected flower bnds of Acacia leucophke a in various stages of 
development. The thalamus and peduncle gradually enlarge 
in size and form tumors. X i Nat. size. 

Pig. 3. Tumor-like excrescences on the pods. X i Nat. size. 

Pig, 4. Photomicrograph of a teleutosorus. x 200. 

Pig. 5. Germination of teleutospore showing the basidiospores with short 
germ tubes, x 210. 

Pig. 0. Photomicrograph of a binucleate basidiospore. X 450. 

Pig. 7. Photomicrograph of a teleutospore showing the gei'mination of 
all the three spores. X 150. 

Pig. 8 . Photomicrograph of pycnium. X 200. 

Pig. 9. Section through an old tumor showing masses of tracheids, 
spindle-shaped cells and tumor strands ‘ T X 50. 

Fig. 10. Section through an infected peduncle, showing the early stages 
in the breaking up of vascular cylinder. The xylem strands 
are dislodged and drawn out towards the periphery, x 50 . 
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CONTRIBUTIONS TO THE LIFE-HISTORY OF 
BLGNONIA MEGAPATOMICA 

By B. G. L. Swamy 
(C ommunicated by M. A. Sampatlikumaran) 

Received for publication on April 12, 1941 

Inteodrction 

Various members of the Bignoniacese are cultivated for tbeir shade 
in coffee plantations in the Tropics. Our knowledge concerning 
the inorphology of the ovules and seeds is restricted to the work of 
Mauritzon (1935). In that paper he has described the embryo-sac 
and endosperm formation in six genera. There he also gives a brief 
review of the work done till then on that Family. The present work 
was undertaken with a view to throwing more" light on some of the 
members of the Bignoniacese. 

Materials and Methods 

Material was fixed in Alienas modified Bouin, and sections 8 to 
14 ja in thickness were cut ; Heidenhain^s Iron-Hsematoxylin was 
used for staining. * 

Meoasporogenesis 

The archesporial initial is hypodermal in origin and -without 
cutting oft* any parietal layers, directly functions as the Megaspore 
mother cell (Fig. 1). In the very early stage the single integument 
differentiates around the base of the archesporial cell. When the 
archesporial cell is in the megaspore mother cell stage the integu- 
ment consists of two to three layers of cells in thickness ; at the 
tetrad stage four to six layers; and at the eight-nucleate embryo-sac 
stage eight to ten layers of cells. A linear tetrad (Fig. 3) is formed 
following the two reductional divisions. Subsequently the chalazal 
megaspore enlarges and develops into the embryo -sac according 
to the normal-type. Following the enlargement of the chalazal 
megaspore the surrounding nucellar cells disorganise and contribute 
food materials. 

The nucleus in the chalazal megaspore undergoes the usual 
divisions (Fig. 4) and developes into the eight-nucleate embryo-sac 
(Fig. 6). At maturity, the embryo-sac occupies a wide vspace after 
encroaching upon the nucellar tissue which becomes disorganised. 

The egg apparatus is organised at the micropylar end.^ The 
synergids enlarge in size and show the usual basal vacuoles (Fig. 5). 
The synergids in all cases observed were hooked. Bimilar instances 
have been reported by Mauritzon in Catalpa (1935), in Lythrace^ 

6 
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Pig, 1, Megaspore ipother cell x 400 Trio* 9 
mother cell. X 600. Pig. 3. Lmear 
tetrad of megaspores, the lowermost megaspore enlarffinsr x 900 * PiV 4 . 

ma'ture 

emopo sac ana tPe pollen tube m the micropyle. x 900 Pig 6 Mature 

Double 

mf ik' cifoi, ■ X 4:50. Mgs. 9-11 and 

Sfm aid euSeSi 45r°Kf. e^osperm, chafa.al blvSto- 

fn+i7l« +u 12a and 126. Diagrammatic reoresen- 
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by JosM and Yenkateshwaralu (1935*~36), and in Melastoniacea by 
Snbramanyam (-unpublisbed). 

Tbe polar nuclei fuse just before fertilization. Tbe antipodals 
begin to degenerate when the embryo-sac is mature and in iiiajority 
of cases disappear after fertilization. 

The entry of the pollen tube into the embryo-sac through the 
micropyle was observed in many cases (Mg. 5)." The pollen tube 
crushes the synergids in its passage. Double fertilization was made 
out in many instances (Fig. 7). 

Endospeum 

The primary endosperm nucleus divides and forms two nuclei, 
followed by wall formation, which separates a basal chaiazal chamber 
and an Upper micropyiar chamber (Fig. 8). The nucleus of the 
micropylar chamber divides by a vertical wall and again by another 
vertical wall at right angles to the previous one, so that a single 
tier of four cells will be organised just above the chaiazal chamber 
(Figs. 9, 12a and 12b). At about the same time the nucleus of the 
chaiazal chamber also divides by a vertical wall into two cells 
(Fig. 10). These do not divide further and constitute the endosperm 
chaiazal haustorium, whence it begins to eat up the surrounding 
nucellus. 

The nuclei of the single tier of four ceils in the micropylar 
chamber undergo division by transverse wall, resulting in tw’o tiers 
of four cells each (Figs. 11 and 14). Of these two the lov’er tier 
remains without division for a time, only the upper tier dividing 
likewise and contributing new endosperm cells which gradually 
become elongated and larger in their respective sizes and thinner 
in their contents (Figs. 13 and 19), The divisions come to a stop 
after twenty to twenty-five tiers of cells are formed. In the divi- 
sion of the four nuclei of the last tier of cells which is towards the 
extreme end of the micropyle the vertical walls do not develop and 
all. the four niiclei will be coenocytie (Fig. 19). This coenocytic 
cell gradually enlarges, its protoplasm becomes dense and the nuclei 
become hypertrophied w'hich ultimately become haustorial. The 
enlargement of the cell is associated with the disintegration of 
surrounding nucellar layers of cells. At this stage vertical and 
oblique walls may appear in the older endosperm cells and thus 
cause a further increase in the number of endosperm cells. The 
sequence of the divisions of the endosperm nucleus is graphically 
represented in Figs. 12^3^ and 12&. 

The liucellar tissue in contact with the chaiazal haustorial cells 
disorganise and contribute food materials (Figs. 13 and 20). The 
nucellar cells, three to five layers, below the haustorium arrange 
themselves in regular rows in which the protoplasni is very con- 
spicuous. Such radiating arrangement of cells (Fig. 20) at the 
chalaza have been reported in some members of Scrophulariacese 
(Krishna Iyengar, 1940) mdin Emlus (Kausik, 1940). These nucellar 
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Figs, 13-20.— Fig. 13. Endosperm clialazal haustoriupa and endo* 
sperm in which the zygote is resting. X 200. Fig. 14. A stage resulting 
from the one shown in Fig. 11. x 450, Figs. 16 and 16 . Stages in the 
development of the embryo. X 900, Fig, 17. Double tetrad, x 900. 
Fig, 18. An abnormal tetrad in which two megaspores are enlarging, 
x 450, Fig. 19. Diagram to illustrate the four regions of the adult 
endosperm tissue, the nutrative tissue and the conductive strand. Fig, 20. 
Ohalazal haustorium showing the disintegration and the radiating arrange- 
ment of the surrounding nucellar cells. X 400. 
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cells probably help in the conduction of food materials to the 

embryo-sac. 

It is also interesting to note that a strand of cells with dense 
protoplasm connects the yascnlar traces and the radiating cells at the 
chalaza (Fig. 19). Judging from their appearance and position it is 
safe to conclude that these too take part in the conduction of food 
materials. 

The endosperm, after sometime becomes a longitudinally 
stretched body in which the size of the cell extends from chalaza 
to micropyle (Figs. 13 and 19). The mature endosperm tissue is 
composed of a large number of cells of different sizes. Four dis- 
tinct regions can be observed (Fig. 19) depending upon the size and 
compactness of the cells : — 

1. Two cells with conspicuous protoplasm and being bans- 
torial in function at the chalazal end, 

2. A mass of cells towards the chalaza arranged compactly 
and small in size and containing dense protoplasm, 

3. Placed above that, a tissue with large sized cells and loosely 
arranged with cell contents not staining deeply, and 

4. A coenocytio cell which is haustorial consisting of four 
nuclei. 

It is important to note that Mauritzon in his treatise on the 
Bignoniaceae admits that he did not observe the older stages of some 
genera {FitheGOctenium, Bignonm, Jacaranda) as regards the fate 
of the late endosperm and its position towards the micropyle. He 
assumes that the older stages of the above genera may correspond 
to those that he observed in Catalpa and that to regard this hypo- 
thesis correct a more detailed story is necessary. He further remarks 
in general to those species in w^hich Oatalpa-type of endosperm 
formation prevails, that : regarding the eventual appearance the 
outermost micro pylar endosperm portion, can with uncertainty 
(1) remain prominent, (2) the four micropylar cells can, particularly 
after their contribution by abstriction of cells below, become four 
secondary micropylar haustoria, (3) or they can assume the same 
appearance as their last daughter cells and can also form the last, 
upper, large endosperm cells, whose position and form can, as in 
other endosperm cells, become altered by growth and displacement. 
It is not clear if the above alternatives are confined to any one 
particular species or to all the species in which the Catalpa-tji^B 
of endosperm formation prevails. 

In the present investigation it was observed that the last tier 
of cells towards the micropyle is coenocytic with four enlarged 
nuclei and taking up a haustorial function. 

The fertilised egg rests for some time w-ithont any division. 
The remnants of the pollen tube persist for a long time before 
degeneration. When the endosperm is about sixty to seventy ceils, 
the fertilized egg migrates to the centre and can be made out among 
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the cells of the endosperm (Fig. 13). Here the zygote undergoes its 
first division -which is transverse, and the subsequent development 
conforms to the Capselia-type (Figs. 15 and 16). The suspensor 
cells are very conspicuous and vary from five to six cells in number. 

Conclusions 

The outstanding feature in the study of the morphology of the 
Bignoniacea? is the development of endosperm tissue. Mauritzon 
after a detailed study of various members of Bignoniacese, differen- 
tiated two main types of endosperm formation, (1) the Catalpa-type 
and ('<5) Incarbillea-type. Bignonia megapotomica belongs to the 
former type as regards the endosperm development with minor 
variations. The chalazal haustorium is composed of only two cells 
and not four, as observed in the many members of Eignoniacese 
by Mauritzon. The occurrence of a coenocytic micropylar haus- 
torial cell in Bignonia megapotomica in &n interesting feature. 

The radiating cells at the chalaza, and the strands of cells con- 
necting the vascular bundles and chalazal region might be helpful 
in the conduction of food mrterials as already stated in the earlier 
part of this paper. 

The occurrence of double embryo-sacs in the nature of double 
tetrads (Fig. 17), etc., have been made out in this plant. The 
double embryo-sacs are frequently reported in a number of plants, 
but the uncertainty remains as to whether both of them are 
functional normally. The chalazal megaspore in the linear tetrad is 
functional in normal places but frequently instances were met with, 
wherein the micropylar megaspore in addition to the chalazal one 
enlarged (Fig. 18.) 

Summary 

1. There is a single hypodermal archesporium, which functions 
directly as the megaspore mother cell. 

2. The embryo-sac is of the monosporic eight-nucleate type. 

3. Double fertilization has been observed. 

4. The endosperm formation corresponds to the Oatalpa-type 
reported by Mauritzon, with this difference that only two cells are 
present in the chalazal haustorium, and the cell at the micropylar 
end is coenocytic, being quadrinucleate. It is haustorial in fimc- 
tion. 

5. The development of the embryo is of the Capsella-type. 
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I. INTROBXJCTION 

The family Solanacem includes genera •which lend themselves easily 
to cytological and cytogenetical analysis and sho-w many interesting 
meiotic features which are made use of to elucidate many a puzzling 
problem in the realm of Cytogenetics. Datura, species of Solanum, 
Petunia, Lycopersicum and other genera have been worked out in 
great detail and they have yielded very valuable results. 

The genus Fieot iana, which includes about 50 species and which 
are grouped under four heads Tabacum, rustica, petuniodes and 
poUdicUa (Hector, 1936) has been for along time the favourite of 
cytogeneticists. The work in this genus has been many sided. The 
genus affords material for anatomical, morphological, physiological 
and cytological studies. But most of the important work has been 
in the cytogenetical field. Hew avenues in this plant research were 
thrcwn open after the effect of X-rays and alkaloids like Colchicine, 
etc., on the reproductive cells of the plants was dis- 
covered. These upset the mitotic or miotic balance of the plant and 
these aberrations thro-w light on polyploidy, sterility, etc. 

Genetical -work was started because Fieotiana was important 
as an agricultural product. The genus includes many varieties of 
two species, rustica mid Tabacum, widely cultivated throughout the 
world, for their leaves which are used for manifold purposes under the 
popular name of tobacco. Because of its economic importance, 
genetic experiments were carried on in the agricultural research 
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departments wliere a syntliesis of tlie various desirable qualities 
in different varieties, was attempted. Tlie interest wonS further 
promoted by the success that this breeding work promised. 

The genetical work in Nieotiana can be traced back to very 
early times. It was Comes (1899) and Anastasia ( 1906 ) who, on the 
basis of the results got in genetic experiments, referred the com- 
mercial varieties of Nieotiana^ as derivatives from a limited number 
of fundamental forms. In order to find out which form was to be 
held as fundamental, intervarietal crosses were made by Setchell in 
1909 (Setchell el al,^ 1921). Other studies, purely genetical, were 
made by Allard (1919) who studied the inheritance of flower colour 
in Nieotiana sylvestris and N. Tahaeum, 

The classification and description of all the Indian varieties of 
Nieotiana Tabaeum and N, rustica^ was published by Howard and 
Howard (1910). Since then breeding work in tobacco has been 
vigorously carried on in many agricultural research stations. A 
quantitative study on the inheritance of the desirable qualities in 
various varieties, is made in order to enable the breeder to understand 
how to bring together and fix desirable characters in one progeny. 
Such quantitative genetical studies through interverietal crosses 
have been made by Goodspeed (1912, 1913a). 

Cytological studies have been extensively done in Nieotiana 
though no such work has been done in any of the Indian varieties. 
White in 19J3 found the haploid chromosome number of N, Tahaeum 
to be 24. It was confirmed later by Palm. (1922), Goodspeed (1923) 
and Eybin (1927). Goodspeed in 1923 gave a general account of 
the cytology of the species of Nieotiana. The same author in 1924 
published a list of chromosome numbers of 13 species of Nieotiana. 
Of these, three species had 9, 6 species showed ^=12 and 4 
species had n =24. Clausen and Goodspeed (1926a) reported the 
spontaneous occurrence of a fluted form in N. Tabaeum cultures, 
which on cytological analysis was found to be a nionosomic {2n— 1). 
Studies of transmission of the character fluted were verified cyto- 
logically by finding out the percentage of functioning gametes having 
n— 1 chromosomes. A haploid plant of Nieotiana Tabaeum variety 
purpurea was got from the cultures of N. sylvestris x Tabaeum 
hybrids, whose origin is ascribed to the parthenogeiietic devlopment 
of the egg of the Tafeac-am parent (Ohipmann and Goodspeed, 1927). 
No pairing was observed at diakinesis and previous stages and a 
true metaphase was found lacking. All the chromosomes did not 
arrange themselves in the equatorial plate. Dyads and viable 
pollen grains with the full haploid chromosome set of Tahaeum 'were 
produced.^ The replacement of homotypio division in the place of 
heterotypic division was suggested as the possible cause. The 
results from the study of this haploid have been very helpful to 
elucidate the modes of pairing in species hybrids with Tahaeum as 
a parent. 

Goodspeed (1933) gives a list of chromosome numbers of 40 
species of which he has reported haploids in four species, 
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glutifiosdj TdhdGUifKiy LoTigsdoTj^ aiiiid %udicdulis* TIir66 Siinplii- 
di’ploid^^ diglutdj digluiosa and disuaveoU and aneiiploids are made 
mention of. The numbers characteristic of these 40 species are 
9, 10, 12, 16, 20, 22, 24 and 32. A grouping of these species into 
distinct classes on the basis of chromosome numbers and other 
morphological features is also giyen. The cytology of a triploid 
N> tabacum has been studied by East (1933). 

The real importance of this genus lies in the extensive studies 
made on the large number of interspecific hybrids in this genus and 
their progenies. These are all the more intersting and easy because 
of the ease with which the species are crosses with each other. The 
compatibility that exists between the various species and the grada- 
tion of sterility in these hybrids are well corraborated by the inte- 
resting features of meiosis. The peculiarities met with in this case 
give valuable clues to the proper understanding of the meiotic 
mechanism of other interspecific hybrids. 

A study of the history of interspecific hybridisation in this genus 
leads ns to the middle of the 19th century. Eeference to inter- 
specific hybrids in Nieotidna during 1849 and 1881 is made by 
Clausen and Goodspeed (1925). Gartner (1849) and Eocke (1881) 
have described hybrids between F, Tabacum and N, gluiinosa and 
have studied purely genetical problems as the variation of hybrid 
vigour with the use of difierent varieties of Tabacum in the species 
crosses. 

Interspecific crosses were made in 1910 by Setchell betw'een 
N, Tabacum and N- sylvestris. In 1911 they were backcrossed to the 
parents and the partial sterility that was exhibited by these hybrids 
was described (Goodspeed, 1913). An abscission layer is said to be 
formed at the end of the pedicel, which causes the flower to fall 
down even before fertilisation in some cases. Goodspeed and Ayres 
(1916) during the study of partial fertility of the above said hybrids, 
tried to inhibit the abscission of fruits and flowers, in which only a 
few or none of the ovules have been successfully fertilised. In 
another paper Goodspeed and Kendall (1916) described the mode of 
abscission of flowers and fruits and evidences were given as to the 
relation between the successful pollination and fertilisation on the 
one hand, and abscission of flowers and fruits on the other. Good- 
speed and Clausen in 1917 described several Ej hybrids made with 
N. sylvGstris and several varieties of N, Tabacum as the parents. 
A general description of these hybrids and thmr figures were given 
in that w'ork. 

East (1921) showed that by selfing partially fertile paniculatax 
rusticd hybrids, stable rustica derivatives differing from the 
parent in some features could be ^obtained. Among the progenies 
some were equivalent to the paniculata parent also. 

Goodspeed (1923) published a preliminary account of the cyto- 
logy of Nicotiana species and bybrids. There he made mention of 
three crosses. They were N, sylvestrisx N. Tabacum ; N . glutinosax 
N. Tabacum and N, TabaeumX N. paniculata. Of these three a 
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sliort account of the cytology of TabaetcmX syheMris lijhiid was 
given. The 12ji + 12i con.figuration, typical of the Drosera scheme 
of chromosome pairing, and the random distribution of univalents, 
without any of the univalents being left in the plasma, was met 
with in that case. Abnormal tetrads were occasionally found. 

The occurrence of a tetraploid glutinosax Tabacum hybrid was 
reported by Clausen and Goodspeed (1925). The hybrids were 
sterile and" only one was found to be partially fertile. From this 
fertile hybrid an Fg generation which \vas comparatively more fertile 
was raised. Among the plants belonging to the F 2 generation, the 
tetraploid was distinguished by its stalwart growth and extreme 
fertility. Cytologically this exhibited regular meiosis showing 36 
bivalents atMI and good, healthy and viable pollen grains wuue 
formed. The method of origin of this tetraploid w'as not given by 
the author. 

The cytological features of the paniculata x rustica hybrids and 
their derivatives were described in a subsequent paper by Goodspeed, 
Clausen and Chipmann (1926). In this paper East’s conclusion 
(1921) regarding the genetic characteristics of these hybrids w^as 
discussed in the light of the cytology of the F^ rustieax paiiioulata 
and its backcross progenies to their parents. The F^ sliow'ed 
12ii + configuration and was partially fertile. By backorossing 
to paniculata, derivatives showing I 24 J + w’here , n varied from 
2 to 9, w'ere obtained. In some cases the 12n +I2’x configuration 
was met with, where division of univalents was presumed. The 
rustica backcross derivatives showed'TSn + 6 i and 20ii+4x, but cases 
showing 24 bivalents were never met with. This indicates that, 
complete pairing of the parent rustica chromosomes, -with the 
rustica chromosomes in the hybrid, to the exclusion of paniculata 
chromosomes, was not met with. In East’s work rustica derivatives 
slightly different from parent were obtained. These differ- 

ences could be accounted for, by assuming that some of the pani- 
culata chromosomes homologous to those of rustica have been 
substituted for some miicu chromosomes. The paniculata chromo- 
somes and the rustica chromosomes, though homologous, 
are not of identical morphology and such an inclusion of 
paniculata chromosomes in the chromosome complement of rustica 
will naturally alter the morphological features of the rustica deri- 
vatives to some extent, 

Clausen and Goodspeed (1926&) got a corrugated derivative 
from the backcross of ,Nicotiana Tabacum var., MacropliyTlax 
sylvestris 'With, the TuSucitm parent. This w^as found to be the 
monosomic 

Complete sterility was met with in the case of the hybrids of 
N. bigelovii {n=24:) with N. suaveolens {n=^16) and with N. glutinosa 
(n= 12 ) (Goodspeed and Clauseu, 1927 a) and in both the cases com- 
plete asynapsis was recorded. Formation of multipolar spindle was 
observed in tM glutinosa x Ugelomi hybrids. The irregular random 
distribution of chromosomes resulted in the formation of many 
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microcytes, and micronuclei in the tetrads. Formation of dyads 
owing to the non-disjunction at' Mi .and to the subsequent normal 
homotypic division was also recorded. 

Analogous in all its meiotic features to rustica-panieulata hybrid 
and exhibiting the drosera scheme of pairing was^ the hybrid 
Tahacum X sylvesU^is (Goodspeed and Ciauseny 1927 b). Through 
back crosses with the parents, derivatives slightly different from 
Tahacum and sylvestris respectively, were obtained. 

The occurrence of a fertile ainpMdiploid derivatives from 
N. Tahacum X N, glutinosa hybrid which functioned like a normal 
species having 72 chromosomes 48 of Tahacum and 24 of glutinosa^ 
was reported by Clausen (1928). This , ainpMdiploid was named as 
Mgluta, On back- crossing .this with the parents a 48 chroinosorne 
derivative in the case of glutinosa and a 60 chromosome derivative 
in the case of Tahacum were got. 

The origin of Tahacum from an amphidiploid of N» tomentosa 
(t?. = 12) X A. sylvestris (ti=12) was proved by Goodspeed and 
Clausen (1928), through a comparative study of the three hybrids 
, N. Tahacum x N, sylvestris ; N, sylvestris x N. tomentosa and 
N, tomentosa xN. Tahacum. Both the hybrids exhibited the Drosera 
scheme of pairing (Tahacum x sylvestris and Tahacum X tomentosa 
hybrids). The absence of pairing within the haploid sc^t of chromo- 
somes having been previously proved, the pairing should lie between 
12 chromosomes of Tahacum with 12 of sylvestris in one hybrid and 
with 12 of tomentosa in the other. So it follows that out of 24 
chromosomes belonging to the haploid set of Tahacum^ 12 are homo- 
logous with the 12 chromosomes of tomentosa the other 12 are 

homologous with 12 chromosomes of sylvestris. So if a hybrid 
is got betw^een tomentosa and sylvestris it shoiiid resemble Nieotimm 
Tahacum as it contains' a .chromosome set. completely homologo'us 
■with the haploid chromosome complement ot Tahacum. This cross 
■w'as effected and a sterile hybrid sho-wing complete asynapsis was 
got which, except for some differences, resembled the Tahacum plant. 

From the above' tsbots Tahacum was presumed to have been 
derived from a fertile amphidiploid of tomentosa x sylvestis liybri<I. 
Because .of the .^differences in morphological features between tlie 
hybrid and Tabactmy the amphidiploid could not be taken as the 
immediate progenitor of Tahacum. The chromosomes of the amphi- 
diploid have undergone some -structurar changes and have become 
stabilised as the chromosome -set of N. Tahacum. Thus from, eyfco- 
logical data the origin of Tahacum eenldi be established. 

Lammerts in 1929 described the cytology of the back-cross 
deri-vatives of panioulatax rustica hybrids. The same aaithor 
in 1932 suggested a general method of origin of higher eiiroiuosome 
numbers other than tho number found in the polyploid series. This 
is by selfing. hybrids, which. are,,diploid for one species and haploids 
for the other. suggestion is made afte,r a study of a 30^' derl- 

vative got by the union of an unreduced egg of rustim x pameulata 
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hybrid with a haploid gamete of panioulata. I'rom this, by constaEt 
selfing, derivatives having 56, 58, 59 and 60 chromosomes were got 
and all of these were fertile. He also discussed certain difficulties 
met with in describing the origin of higher chromosome numbers 
by way of species crosses. 

Webber (1930) got a sesquidiploid having 60 chromosomes that 
arose from the union of a diploid Tabaeurr^ egg with 48 chromosomes 
with a haploid sperm of sylvestris having 12 chromosomes. 

The phyiesis in the genus Nicotiana has been discussed in the 
light of chromosome number, chromosome morphology, modes of 
pairing and formation of chiasmata in the individual species 
by Goodspeed (1934). The behaviour of interspecific hybrids between 
the species under consideration and cytological features of amphi- 
diploids that have arisen out of some of these hybrids, are discussed 
as further evidence in support of this opinion regarding the 
evolution species in the genus. 

Miintzing (1935) in Ms paper about the chromosome behaviour 
of nicotiana hybrids, describes the cytological features of the hybrid 
between bonariensis {n= 9)xN. Longsdorffi (^=9). Ordi- 
narily when both the parents have the same number of chromosomes, 
the interspecific hybrid between them has been seen to show com- 
plete or partial synapsis or complete asynapsis. In this case, 
however, a considerable amount of trivalent formation was met 
with along with bivalents and univalents. Chromatin bridges were 
observed in anaphases indicating structural changes of chromosomes 
during meiosis. 

In the studies of N, Tabacumx glutinosa hybrids mentioned 
above, much attention was not devoted to the cytology of hybrid. 
The first detailed study of the meiosis of hybrid was made by 
Hunting (1935) who reports very weak pairing among the 36 
chromosomes of the Fj hybrid. Bandom distribution occurs and no 
unreduced gametes are formed according to him. In this paper a 
detailed account of the cytological investigation of the parents and 
the Fi hybrids between a South Indian chewing variety of Tabacum 
glutinosa h described. 

II. Cytological Tbohniqub 

Seeds of parents were obtained from Coimbatore and the cross- 
ings were done in the Botanical Gardens, Annamalainagar. Des- 
cription of the parents and details of the technique of crossing 
have been given elsewhere (Eaghavan and Srinivasan, A. E., 
1941). Flowers of the hybrid and the parents were ready in July 
for cytological investigations. 

Boot tips of tbe hybrid and the parents could easily be obtained 
from the plants grown in pots and they were fixed in various fixing 
fluids. Maximum mitotic activity was observed from 1-30 p.m. to 
3”30 p.Mw and root tips were fixed at tMs time. The fixatives used 
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were Karpechenko^s modification of ]s^avascMll^s cliroinacetic for- 
malin, Allen \s Bonin’s fluid, Navasehin’s fluid witli previous Cariioy 
fixation and Graf’s fluid. Of tfiese mvascliin’s fluid without pre- 
fixation with Carnoy was found to be the best. 

In the case of the lifavaschin’s fixative, the various grades 
from 10 % to 50 % alcohol were found to be unnecessary. After preli- 
minary washing in water the material was directly taken to 50% 
alcohol, dehydrated, and infiltrated with paraffin wax using chloro- 
form as the paraffin solvent. The materials were then imbedded in 
soft paraffin wax of melting point 52® Centigrade. 

Dioxon was tried as both the dehydrating agent and paraffiii 
solvent and was found to yield good results though it gave some 
difficult 3 ^ during staining with gentian- violet. Sections were cut at 
thicknesses varying from 12 to 15 microns and were stained both 
in hTewton’s-iodine gentian-violet and Haidenhein’s iron-alum 
Hsemotoxylin. 

Smears of anthers were also tried with good results using 
Boiling’s ISFavaschin fluid as the fixative. These were stained both 
in gentian violet and Hsemotoxylin. The correct stages for fixa- 
tion in anthers were determined after examination in Acetocarmiiie 
preparations, 

III. Cytology of the Pabents 

Though the cytology of the parent species has been described 
in some detail by various authors, an understanding of the cyto- 
logical features of the parents that were used in this cross was found 
to be desirable for purposes of comparing the meiotic behaviour of 
the hybrid with that of the parents. 

The Cytology of Nicotiana ghitinosa 

Somatic chromosomes. — ^Fig. 1 represents a somatic metaphase 
plate of A. glutinosa showing 24 chromosomes. The chromosomes 
on the whole are compartively long. Goodspeed (1934) has classi- 
fied the somatic complement of glutinosa into two classes on the basis 
of the length of the chromosomes. There are altogether 7 pairs of 
long chromosomes of which 4 pairs have median insertion region. 
Of the other three pairs, two have sub-median spindle attachmeiit 
regions and the remaining one pair shows sub-median insertion 
regions, along with proximal satellites. The smaller chromosomes 
which are 10 in number form the second group and they are said to 
possess median and sub-median insertion regions. The somatic 
plate in Pig. 1 shows the difference in length of the chromosomes 
and satellites are seen in tw'O of the long chromosomes. 

Meiosis 

DiaUnesis (Wig. 2). ---At dioikimBlB the 24 chromosomes are 
seen to form 12 pairs. Bivalents were essentially of the rod type 
and the ring type. The total number of cMasmata has been 
reported to be 22 and of the bivalents, all except 2 have two terminal 
or mearly terminal chiasmata (Goodspeed, 1934). Pig. 2 shows 
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ring bivalents and 6 rod-bivalents and anotber bivalent body 
resembling an open ring with single terminal cMasma. This 
probably results- from terminalisation of an interstitial ehiasma 
formed in the earlier diakinesis stages. All the ring bivalents have 
terminal chiasmata while the number of chiasmata in the rod 
bivalents could not be found out. Goodspeed (1934) reports that 
one interstitial ehiasma is formed by the long chromosomes which 
have the sub-median insertion region. The bivalent which resembles 
an open ring is probably formed by the synapsis of two such 
long chromosomes, for, as Goodspeed says in the case of the large 
chromosomes with a sub-median insertion region, frequently a 
ehiasma forms in the longer arm only’h If such a ehiasma is formed 
and gets terminalised in the late diakiiiesis stage, which Fig. 2 
represents, we can account for the formation of the open ring 
bivalent. 

At diakinesis the bivalents are distributed on the periphery of 
the nucleus. All the pairs are dispersed at equal distances from each 
other in earlier diakinesis stages. In Fig. 2 some of the bivalents 
are seen to have come closer to each other. This according to Law- 
rence (1931) is due to a repulsion phase which begins at early dia- 
kinesis and continues until mid-diakinesis. Probably the force 
of repulsion between chromosomes weakens, with the inception of 
prometaphase. 

PrometapJiase , — ^In this stage the bivlcnts which have under- 
gone maximum contraction come very close to each other and 
present a clumped appearance, so that individual bivalents could be 
distinguished only with much difficulty (Fig. 3). This stage lasts 
for a very short period and its inception is denoted by the dis- 
appearance of the nuclear membrane and the migration of the 
bivalents to the centre of the nuclear cavity. The stage comes to 
an end when spindle fibres appear. 

Metap%ase,~A)uTmg metaphase the bivalents which have 
separated from each other are arranged in the equatorial plate. This 
separation is probably due to the inter-bivalent repulsion which 
reaches its minimum at pro-metaphase and increases with the incep- 
tion of metaphase. Due to the repulsive force, the bivalents spread 
themselves in the equatorial region. All the 12 bivalents are seen 
in the same plane at metaphase I (Fig. 4). 

Anaphase, --'Ansbphme in this case is normal. The bivalents 
disjoin regularly and the chromosomes reach the poles without 
presenting any abnormal features as bridge formation, fragmenta- 
tion, etc. Some of the bivalents disjoin much laterthan others but 
the disjoined chromosomes succeed in reaching the poles. Fig, 5 
shows two such bivalents and in Fig. 6 one bivalent is seen to 
disjoin after all the other chromosomes have reached the poles. 
Fig. 7 shows a normal case where all the chromosom'es which 
have disjoined simuitaneously are seen to travel up the spindle 
to the poles. 
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Interphaseisa clearly deflnecl stage in the cage of 
this plant and at each pole 12 chromosomes resulting from the dis- 
junction of bivalents at A I organise themselves into two nuclei. 
The nucleoli make their appearance and the chromosomes are more 
or less uniformly spaced (Fig. 8). This uniform distribution wins 
recorded by Gates (1909) in (Enothera and by Eaghavari (1938) in 
Gynandropsis, Eaghavan and Srinivasan, V. K.y have found it in 
Angelonia also (1940). 

Metaphase II.— The interphase nuclei lose their nuclear mem- 
brane and enter into the second metapliase stages. At this stage 
12 chromosomes are seen in each of the two poles (Fig. 9). After the 
division of chromosomes the daughter- chromosomes reach the poles 
in the two spindles of A II (Fig. 10). Thus there are two spindles 
at the early second telophase stage. 

Shortly afterwards, however, two more spindles connecting the 
two telophase daughter-nuclei at the same pole, are formed in addi- 
tion to those formed at All (Fig. 11). Afterwards, two more 
spindles arise and each of the telophase group becomes connected 
with every one of the other three groups (Figs. 12 and 13). The 
formation of 6 connecting spindles is the usual case in angiosperms 
exhibiting the furrow method of pollen organisation, though 
examples can be given of plants differing from this. Wodehouse 
(1931) reports only four connecting spindles in the tetrads of Dahlia. 
In Magnolia the six spindles are not as distinct as in Nicotiana 
and Farr (1918) says that it is doubtful whether these should 1)6 
considered as six separate spindles, or two spindles and a 
compound spindle. 

It is not possible to find any explanation of how the twro or four 
additional spindles arise. Wodehouse (1931) says ^Hhe w'ork of 
Devise (1921) on the achromatic figure of the sporocytes of Larix 
offers some suggestion that they may be regarded as the reappear- 
ance of the heterotypic spindles split lon^tudiilally^^ ITrom tiiis 
it follows that the halves of the heteroty|)ic spindle persist intact, 
though in a less conspicuous form, throughout the second division 
stages, but in Dahlia the orientation of All spindles could be in 
any direction making it “ apparently impossible for the heterotypic 
spindle to persist in any tangible form through the homotypic divi- 
sion So the origin of these additional spinldes remains still un- 
explained. 

When the six spindles are formed the four daughter -nuclei are 
orientated in two ways. In the one case all the four iiuch.4 lie iji 
the same plane (Fig. 13). In the other case (Fig. 12) one group of 
telophase is at a different focus from the other three. The former 
leads to the formation of an isobilateral tetrad while the latter will 
give rise to the tetrahedral type and exhibits a tendency towiirds 
the least surface configuration (Fig. 16). The four nuclei arc 
approximately equidistant from each other. 

Soon after the appearance of the four additional spindles in the 
tetrad, quadri-partition begins . Farr (1916) has described this to be 
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accomplished by a process of simultaneous furrowing in Nicotiana. 
In the present case the furrowing and other later stages may take 
place in two ways. For the tetrhedral type the furrows are formed 
on the periphery of the cytoplasm and extend towards the centre 
(Fig. 14). The furrows are wide in the present case. They have 



Figs. 1-17. — Nicotiana glutinosa. Fig. 1. Somatic metaphase of 
N. glutinosa showing two chromosomes with satellites. X B,900. Fig. 2. 
Biatinesis, 5 ring bivalents are shown. X 2,200. Fig. 3. Prometaphase, 
X 2,200. Fig. 4. Metaphase I polar view showing 12 bivalents. X 3,900. 
Figs. 5-7. Anaphase I. x 1,500, Fig. 5. Two bivalents undergoing late 
disjunction. Fig. 6. One bivalent disjoining later than all the rest. 
Fig. 8. Interphase showing 12 daughter-chromosomes and one nucleolus 
in each of the two nuclei, x 2,200. Fig. 9. Metaphase II polar view. 
X 3,900. Fig. 10. Anaphase II showing two spindles arranged parallel to 
each other. X 1,500. Fig. 11. Telophase II the appearance of two new 
spindles connecting the two telophase groups in the same pole. X 1,500. 
Fig. 12. Tetrahedral 4 nucleate cell with 6 spindles. X 1,500, Fig. 13. 
Isobilateral 4 nucleate cell with 6 spindles. X 1,500. Fig. 14- Tetrahedral 
tetrad showing furrowing. X 1,500. Fig. 15. Isobilateral tetrad showing 
the two dumb-bell-shaped bodies each having a spindle. X 1,500. 
Fig. 16. Tetrahedral tetrad. X 1,200. Fig. 17. Isobilateral tetrad. * 
X 1,500. 

been found to be yery narrow in the case of Nelumbo (Farr, 1922) 
and give the appearance of cell-plate. The spindle fibres are cut 
through as the furrowing proceeds inwards and then they disappear. 
Four furrows were altogether formed along with six spiiidles. 

The formation of isobilateral tetrads (Fig. 17) seems to take 
place by a different method. Though strong evidence in support 
of the fact was not found, some of tbe features are suggestive of this 
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fact. Mg. 15 shows only two spindles connecting the diagonally 
opposite nuclei. At this stage, the spindles are sitnated* in two 
dnmh-hell-shaped bodies placed at right angle to each other. These 
two bodies appear at different foci and show apparently no con- 
nection whatever with each other, either cytoplasmic or by spindle 
fibres. It is not clear how such two separate bodies are formed. It 
may be that all the spindles except those connecting the diagonally 
opposite nuclei disppear and the two spindles along with the nuclei 
which they connect get orientated at different levels inside the cell. 
After this, these two spindle bodies are separated from each other 
presumably by a process of furrowing and give rise to two cells each 
containing two nuclei. The above said process is only prf3sumed as 
no intermediary stages representing such furrowing were fourui. 
The result of these processes will be two cells which when they begin 
to undergo furrowing would give rise to the dumb-bell-shajied 
bodies as represented in Mg. 15. 

Erom the literature regarding tetrad formation it cannot be 
gathered that any special method exists by which isohilaterai 
tetrads are formed. But Fig. 15 suggests strongly some such 
special method though the intermediary stages have not been 
obtained. 

There is no dilferrence in the daughter-cells resulting from the 
two hinds of tetrad formation. The pollen grain at the shedding 
stage is two-celled and shows a crescent-shaped generative ceil in 
which the cytoplasm is stained darker. The pollen when germinated 
in agar cultures, put out tubes without any difficulty, but no divi- 
sion stages were obtained. 

Gytology of A. Tabacum 

Somatic chromosomes. — IS chromosomes were counted in sections 
of root tips and two chromosomes with satellites were disintin- 
guished. Because of the large number it was not possible to analyse 
the complement (Fig. 18). 



^ fabacum. Fig. IS. Somatic metapliase plate 

ot showing two satellite chromosomes. X 3,900 

in metaphase I polar view showing 24 bivalents, x 3,900* 

o?’ shomng ^24 chromosomes' and nucleoli, x 2,200* 

plate. X 2,200, 24/24 distribution. Figs. 22-23. Anaphase 
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ifeiosis.— Meiosis is normal as described for glutinosa except 
that 24 bivalents are formed as sbown in the polar view of tbe M I 
plate (lig. 19). The disjunction is normal. 

At interkiaesis 24 chromosomal bodies are seen at each pole 
along with a nucleolus (Fig. 20). The nucleolus disappears and the 
chromosomes enter into the second division stages. 24 chromosomes 
appear in each of the two poles in the M II plate (Fig. 21). Figs. 22 
and 23 show various stages in the meiotic anaphase of the plant. 
The anaphase and the telophase are normal and tetrads are 
produced. 

Yiable pollen grains (Plate VI, a) are produced as a- result of 
regular meiosis. 

lY. Cytology of the F^ Hybeib 

Mitosis. — ^In sections of root tips 36 chromosomes were counted 
as shown in Fig. 24. Of these 12 chromosomes belong to the 
haploid set of glutinosa and the other 24 chromosomes belong to 
Tahmum. No morphological distinctions could be drawn between 
the chromosomes so as to enable the identification of the parental 
chromosomes in the somatic complement of the hybrid. 

Meiosis. — ^From the literature regarding the meiotic behaviour 
of Tabacumx glutinosa Fj hybrid, it is known that the 36 chromo- 
somes of the hybrid do not undergo regular pairing among them- 
selves. But Clausen and Goodspeed (1925) mention that the chromo- 
some behaviour of the Fj hybrid parallels that of N. Tabaeum x 
N- sylvestris hybrid. In a later work Clausen (1927) reports that loose 
conjugation takes place between the 36 chromosomes of glutinosa 
X Tabaeum. This statement was in accordance with the observa- 
tions of Mtintzing (1935). But East (1933) in a paper about triploid 
Nicotiana Tabaeum mentions, that Drosera scheme of pairing is 
followed in the hybrid in question. This statement wurs questioned 
by Goodspeed (1934) and was disproved by the work of Miintzing 
(1935). The observations recorded in this paper go to confirm the 
findings of Miintzing. They disclose to us the fact that a scheme 
of pairing representing a healthy synapsis which wuiild result in the 
partial or complete fertility of the hybrid, is totally absent in this 
hybrid. 

The hybrid far from being similar to the F^ Tabaeum x sylvestris 
is thoroughly in contrast with the latter. The F^ Tabaeum x 
glutinosa is completely sterile while the sylvestris x Tabaeum hybrid 
is partially fertile. Though Clausen and Goodspeed (1925) report , 
partial fertility in one or two F^ plants of glutinosa x Tabaeum 
hybrids, all of the plants obtained in this laboratory were invariably 
found to be completely sterile. The reason for this may be the 
difference in the variety of Tabaeum parents used in the two cases. 
Greater degree of pairing is exhibited in tho sylvestris x Tabaeum 
hybrids, while the synapsis in the case of glutinosa x Tabaeum is 
very weak. The case of the latter resembles in most features the 
behaviour of the F^ hybrids Y. bigelovii x N. glutinosa (Goodspeed 
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and Clausen, l%21a). The syUestris x tomentosa also exhibited 
parallel chromosome behaviour with the Tabaeum x.glutinosa 
hybrids (Goodspeed and Clausen, 1928). 

Diafemesw.— Stages earlier than dialdnesis are not described 
on account of the large number of chromosomes. A number of 
clear dialdnesis stages were available from which the number 
and nature of the gemini could be easily deterrniiied. MuntzJng 
(1935) determined the frequency of chromosome pairing in tliis 
hybrid by counting the number of bivalents in the first metaphase 
plates. 

One feature regarding the successive stages of meiosis was 
noteworthy. Among the anthers taken from the same bud one 
showed first metaphase and even inter-phase, while in another, 
pollen mother cells were found to be in the dialdnesis or pro-rlieta- 
phase stages. Such a feature has been previously recorded by Good- 
speed and Clausen (1927a) in interspecific hybrids having Aicbfiana 
higelovii as a parent. The authors are of opinion that the hybrids 
which show' an apparently complete lack of chromosome conjuga- 
tion, post-synizesis stages upto A I are, so far as we can judge, 
passed through with considerable rapidity’’. Such a gradation in the 
development of the pollen mother cells in the same anther- sac after 
zygotene stages has been observed in Bolmmm melongena (Janaki 
Ammal, 1934). 

The degree of chromosome pairing is very limited as frequency 
studies of diakinesis will show in Table I. In the few cases of the 
bivalent formation it is due to the lose pairing between the chromo- 
somes of glutinosa and those of Tabaoum, as it has been previously 
proved that no pairing occurs between the chromosomes of the 
haploid complement in either of the twm parent species. The above 
fact was disclosed from the studies in the haploids of Tabactmi 
(Chipmann and Goodspeed, 1927) and glutinosa (Goodspeed and 
Avery, 1929). 

The bivalents could be clearly distinguished by their sizes and 
their chiasmata. Each bivalent forms a single terminal chiasma. 
Such chiasmata are known to be characteristic of hybrids with 
minimum amount of synapsis. Goodspeed (1934) in the course of a 
comparative account of chiasma formation in interspecific hybrids 
of Nicotiana says The bivalents in hybrids showing miminum 
amount of pairing usually form a single terminal chiasma, the total 
number of chiasmata equalling the total number of bivalents”. So 
terminal chiasmata formation is a sign of w*eak affinity between 
the parental chromosomes. Cases of complete asynapsis were also 
met with (Eig. 30). Eigs. 25-29 represent varying degrees of synap- 
sis. Eig. 25 shows 6 bivalents and 8 was the number found to be 
the maximum among the 50 pollen mother ceils examined. Eig. 25 
shoves 7 bivalents and a tri valent. Multivalent formation -was most 
infrequent. The frequency of bivalent formation w-as studied from 
50 different pollen mother cells. The frequency in different 
classes were as follows 
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Table I 


No. of bivalents 

0 

1 

2 

3 

4 

5 

6 

7 

8 

Total 

No. of P.M.C.s 

2 

2 

6 

5 

19 

5 

5 

4 

2 

50 ' 

Total no. of bivalents 
in each class 

i 

0 

2 

12 

15 

76 

25 

30 

28 

16 

204 

1 ' 


Average number of bivalents per P,M,C. 4 ‘08. 


As the average number of bivalents in one pollen mother cell 
is calculated to be 4 from data given in Table I, 281 + 4jj. seems to be 
the typical configuration at diakinesis. This seems to be coira- 
borated by the fact of the greatest frequency occurring among 
4 bivalent pollen mother cells. The observation of Muntzing 
(1935) from first metaphase counts also confirms the above fact. 

Degeneration of pollen mother cells . — ^Degeneration of pollen 
mother cells is extensive especially in the earlier stages. Many 
pollen mother cells are darkly stained the chromatic material 
having formed a dark mass. Such degenerated pollen mother 
cells are found even in the tetrad stages as darkly staining thick- 
walled and small round cells. 

Gytomixis . — In some cases adjacent pollen mother cells were 
seen to extrode chromatic material. This feature was first ob- 
served in Oenothera by Gates (1911) who described such a behaviour 
of the meiotic nuclei just at the time of synapsis. He described 
how the centrally placed nucleus migrates to a peripheral position 
thereby causing the nuclear membrane to come in contact with 
the cell wall. After this the nuclear material of one cell was 
extruded into the cytoplasm of the adjacent cell. This nuclear 
extrusion named by Gates as cytomixis being finished, the nuclei of 
the two cells moved again to their original central position. The 
fate of the extruded material had been clearly explained by the 
author. It formed a sort of nuclear membrane inside the cell which 
had received it and developed into a pseudo-nucleus. Ultimately 
the membrane dissolved and the chromatic material w* as observed 
into the cytoplasm of the recipient cell leaving only dark patches 
in the places where such extruded bodies "were. So according to 
Gates the extruded material does not go to add to the chromatic 
material of the recipient cell. Consequently the increase in the 
number of chromosomes cannot take place through cytomixis. 

In many prophase stages such peripheral position of the nuclei 
and the aggregation of the chromatic threads towards the cell wall 
on the particular side were observed. Mg. 32 shows bivalents and 
univalents flowing along the cytoplasm into the adjacent cell. 
Some pollen mother cells were observed to contain along wdth their 
nuclei portions of additional nuclei (Mgs. 33 and 34). A¥hether 
these additional nuclei have arisen from irregularities in pre- 
meiotic divisions or from cytomixis cannot be said definitely. But, 
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as sucli pollen mother cells with two nuclei were not met with in the 
earlier stagesj it is probable that they arise through cytornixis, wher(3 
only portions of nuclear matter are extruded into adjacent cells. 
Such binuclear pollen mother cells from, irregular premeiotic divisions 
have been found in Tridax (Eaghavan and Venkatasiibbaiiy 1941), 
where the two nuclei enter independently into the successive 
division stages. 

Whether these additional nuclei fuse with the original one to 
give rise to polyploid nuclei cannot be said with certainty. hTandi 
(1937) dcvscribes such cases of binuclear pollen mother cell formation 
from cytomixis at diakinesis stages, in Ory^a, According to him it 
is a method of origin of polyploidy because polyploid gametes 
could be produced from such binucleate pollen mother cells. 

Cytomixis occurs during all stages of meiosis. Gates and Latter 
(1927) in Lathrma and Eaghavan and Yenkatasuhau (1941) in Tridax 
have found the phenomenon at all stages of meiosis. Cytomixis 
has been reported in X-rajmd Gapsiciim (Eaghavan and Venkata- 
suhban, IMOb). Cytomixis is probably the reason for the degenera- 
tion of pollen mother cells. 

Cytomixis as an abnormality seems to be common i.n many 
hj^brids. A hybrid from Ty 2)^(1 angustifolia showed the phenomenon 
at diakinesis (Eoacoe, 1927). Kattermann (1933) gives a list of the 
cases where this occurs and reports it in Triticum x Seeale inter- 
generic hybrids. Percival (1930) has met with this phenomenon in 
Aegilopesx wheat, Eiom this and from the evidence of Church 
(1929) who found the occurrence of this phenomenon very striking 
in connection with the hybrids of Fhalaris, we can regard that it 
is more probable that this phenomenon is associated with hybrids 
than being merely an artefact as Sinoto (1922) will have us believe. 

Pig. 31 shows apparently another case of cytomixis. In this 
case, instead of well-defined bivalents and univalents being 
extruded as in the normal case, the extruded chromatic material 
forms a wad. That this wad is not the nucleolus can. be Judged 
from the bigger size of the former, and from the presence of a nucleo- 
lus inside the nuclear cavity from which the extrusion takes place. 
A parallel case has been described by Jensen (1938) in propliase 
stages. He says in some anther sacs a large wad of chromatin 
developed shortly after synizesis in many of the pollen mother cells. 
Later this lump was pushed oixt of the nucleus and frequently 
attracted a corresponding lump in the adjacent cell, which drags along 
with it a portion of the spireme.’’ This according to him cannot be 
classified as cytomixis though it very much simulates that pheno- 
menon. The wad formation described in the above case is similar to 
what has been shown in Pig. 31. But due to the absence of an 
attracting lump in the recipient cell the two cases cannot be said 
to belong to the same type of abnormality. 

Prometaphase,— Aftei diakinesis the nucleus enters into the 
prometaphase stage. At this time, the gemini which were distri- 
buted throughout the periphery of the nucleus during diakinesis, 
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come to the centre in close assemblage. Owing to this, a clumped 
appearance is shown by the gemini at this stage. The nuclear mem- 
brane disappears at this stage. 



Figs. 24-49. — Nicotiana Tdbactim X ghdinosa. Fig. 24. Somatic ^ 

metapliase plate of Fi hybrid showing 36 chromosomes, "x 3,900. Figs. 

2o~3b. Biahmesis stages, x 2,200. Fig. 25. 6ii+ 24r ; Fig. 26. liii + 

+ 19i; Fig. 27. 5ix' +26x; Fig. 28. 4n + 2Sr; Fig. 29. 2ii -f- 32i ; Fig. 

30. 36i. Figs, 31-32. Cytomixis. X 1,500. Figs. 33-34. Binucleate pollen 
mother cells. X 1,500. Figs. 35-41. Metaphase I, x 2,200 showing the scat- 
tered condition of univalents. Figs. 35-36. In 4-34i ; Fig. 37. 2ii + 32i biva- 
lents are in the centre and univalents are found scattered. Secondary asso- 
ciations are well seen; Fig. 38. M I not representing all chromosomes shows ^ 

the secondarily formed pairs and chains; Fig. 39. A secondarily formed chain 
of 5 univalents ; Fig. 40. 2ii + 32i. The two bivalents are formed in the 
eqtiatorial region; Fig. 41. 36i. Figs. 42-47. A^naphase I. All except 
Fig. 2 are X 1,500. Fig. 42. Showing random distribution and division 
of univalents. The small chromosomes are the products of such division 
X 2,200. Fig. 48. A straight spindle. Fig. 44-45. Curved spindles 
showing laggards. Fig. 46. Tri polar spindle with a univalent at one of 
the poles. Fig. 47. Fragments at anaphase I. Pigs. 48-49. Inter- 
phase. Fig. 48. Interphase with unequal nuclei. X 1,500. Fig. 49. 

Interphase showing a univalent in the plasma. X 2,200. 
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Metapliase I.— At first niBtaphase the chromosomes separate 
and unlike normal cases of meiosis, the chromosomes fail to arraii^^e 
themselves in the equatorial plate (Fig. 35-41). They lie scatte^red 
throughout the spindle. Such a feature has been described in many 
cases of hybrids which show weak pairing. The bivalents occupy 
the equatorial portion while the univalents were in the scattered 
condition (Figs. 37, 40, 41). Such disposition of chromosome 
bodies in the M I was met with in interspecific hybrids of Brassica 
(Morinaga, 1931). 

There seems to be some relationship between the degree of 
synapsis and the arrangement of chromosomes in the equatorial 
plate. In all cases where weak pairing or complete asynapsis has been 
reported, this scattered condition of chromosomes prevails. Many 
cases of haploidy could be cited to show that asynapsis and abseiice 
of a regular equatorial plate at M I go hand in hand. Haploiits of 
Nicotiana Tabaeum (Chijmann and Goodspeed, 1927) and A. gluti- 
nosa (Goodspeed and Avery, 1929) were observed to show this feature. 
Oatcheside (1932) accounts from such a behaviour in a haploid 
Oenothera by stating that ^‘many of the chromosomes have never 
been at the equator of the spindle, but have a definite bias towards 
one or the other end of the poles ever since diakinesis.’’ Humphrey 
(1934) reports that such cases occur in haploid tomatoes where 
the chromosomes become more or less randomly distributed all 
over the spindle.’’ Many examples of interspecific hybrids in the 
genus Nicotiana can be cited to show that this condition is prevalent 
along with weak pairing. Nicotiana sylvestris x A. tomentosa 
(Goodspeed and Clausen, 1928) ; A. higelovii x A. solanifoUa and 
A. TabacumxN, rustica (Goodspeed, 1934) are some of the examples. 

Miintzing (1935) observed that the univalents had a tendency 
to stick together in pairs or chains. Such a tendency w'as observed 
in glutinosa x tomentosa hybrids also (Elvers, 1934). In this case 
such pairs or chains of univalents were frequently met with during 
first metaphase (Figs. 37-39). Muntzing (1935) states that ^^it is 
very questionable if this phenomenon should be regarded as second 
ary association.” But the same phenomenon observed by Catclie- 
side (1934) in Swede x Turnip F^ has been referred to as secondary 
pairing of univalents. Mofiett (1931) also found secondary asso- 
ciation of univalents with formation of pairs. The reason for this 
association has been stated by him as follows: “ It would seem that 
the chromosomes within the set are sufficiently homologous to exhibit 
a mutual attraction but not sufficiently homologous to pair at meta- 
phase.” Figs. 37-38 show metaphase plates where association of 
2, 3 and 4 univalents are seen. In one case an association of 5 
univalents w'as met with (Fig. 39). Eichharia (1937) has found 
such associations of varying numbers of univalents in Raphanus x 
Brassica Fj hybrid. Such paired univalents are named as pseudo 
gemini by Gustafsson (1935), who has recorded this phenomenon 
in the A. If. 0. of Taraxacum gives the following explanation 
for their origin. ‘‘ The formation of pseudogemini is due to the 
fact that single homologous chromosomes happen to lie in the 
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vicinity of each other during diakinesis and that they arise 'when the 
repulsion between the chronaosomes on the passage to the metaphase 
decreases and attraction becomes too powerfuL^^ 

Considering the above mentioned cases which closely resemble 
what has been found in the present hybrid, it seems most iikley that 
the chains and pairs of chromosomes found at first metaphase are 
due to secondary association between univalents. As to their 
origin, it may be said that the chromosomes w'hich fail to form 
chiasmata and give rise to normal bivalents, because of their w*eak 
homology probably form secondary associations at first metaphse. 

A.naphase I. — Shows the disjunction of bivalents and random 
distribution of univalents. Some of the univalents undergo division 
at this stage. Pig. 42 shows 6 small bodies along with univalents 
which have not reached the poles. These are probably the products 
of division of three univalents. Division of univalents is a feature 
described in some other hybrids also which show such w'eak pairing. 

Tackholm (1922) classified the irregularities of meiosis in 
hybrids with unequal parental chromosome numbers into three 
groups. (1) The Bros era scheme with strong affinity, (2) The 
Hieracium X Boreale scheme with w^eak affinity, (3) The Pygerarea 
scheme with no affinity. Bach of these schemes w'as subdivided into 
three classes according to the behaviour of univalents in the respec- 
tive cases. In the first case, all the univalents are distributed intact 
and at random to the poles, secondly random distribution takes 
place along with division of some of the univalents and lastly all 
univalents undergo division, and split halves are distributed to the 
poles. Of these cases the present hybrid belongs to the second type 
in Hieracium Boreale scheme, because of the weak affinity and divi- 
sion of some of the univalents. 

Frequently, univalents and fragments are seen to lag in a 
spindle (Fig. 44). In Fig, 45 the spindle is much curved. Fig. 46 
show's probably a tripolar spindle. The curved, spindle is the reason 
for some of the univalents being left off in the plasm. The distri- 
bution first takes place along the straight spindles and when in late 
anaphase the curved spindles are formed, frequently the gemini 
which are drawm along these later formed spindle, fail to reach the 
poles and thus get stranded in the plasma. Such tripolar spindles 
and curved spindles have been met with in the case Ql.Nieoimna 
higelomi X glutinosa 

As the univalents are distributed at random, in many cases, 
one of the poles gets a greater number of univalents than the other 
as will be seen in M II studies later. 

Interp%ase.---Ws.t the parents the hybrid has also got a well- 
defined interphase when the two chromatin masses resulting from 
the first divison organise into two nuclei at the two poles. In the 
interphase frequently the Wo daughter nuclei are sometimes unequal 
in size and contain unequal number of chromosomes (Fig. 48), This 
is presumably due to the random distribution followed in the first 
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anaphase. The laggards of A I are found in the plasma during the 

interpliase and are never included in eitlier of tlie two nuclei. Tiie 
laggards were univalents and fragments. These did not organise 
into micro nuclei except in cases w'liere wall formaition followed 
after first division as an abnormality ^ (Fig. 50). The fate of these 
laggards could not be ascertained. Either they persist throughout 
the second division and get included in any one of the four second 
telophase nuclei or they get lost in the cytoplasm. ^ A fairly high 
percentage of cells are seen to contain such bodies in the plasma. 
Out of 100 cells examined, about 53 cells show such bodies. Fig. 49 
show's a univalent in the plasma between the two interphase nuclei. 

The intexphase is an important stage as it denotes one of the 
probable methods of origin of dyads in this hybrid. Just before 
the interpbase nuclei are being organised and w'hen the spindle 
persists, a cleavage is effected in the centre of the cell and tw'o 
daughter cells result, each of the cells containing a nucleus. These 
two cells probably do not take part in the second division. Wall 
formation after the first division is not a common feature in dicoty- 
ledons. It is an abnormality. This fact and the nature of the nuclei 
make us believe, that there will he no second division. Thus dyads 
may arise. Figs. 50-51 show' how the wall formation proceeds by a 
process of furrowing. In Fig. 50 one cell contains a micronucleus 
probably organised from tbe lagging univalents. 

Laggards did not form a nuclear membrane in ordinary cases 
of interpbase. Such micronuclei are formed only in cases where 
wall formation followed the first division. The reason for this is not 
quite clear but it is likely that the formation of micronuclei in such 
cases denotes an end of the division activity of the pollen m.other 
cell at this stage. The tw'o daughter cells were not seen to round 
off as tw'o pollen grains and it cannot he said definitely that these 
dyads form part of the dyads which occur along with tetrads and 
which arise by other methods. 

Second metapMse , — The second metaphase plates (Figs. 54-61) 
‘'show^ frequently more than the expected 36 chromosomes. Many 
plates at M II were counted to study the frequency of chromosomes 
in a single M II plate. The results are tabulated below : — 


Table II 


No. of chromo- 
somes in a 
single M II 
plate 

13 

14 

1 15 

1 

16 

17 

18 

19 

20 21 

22 

'.23 24 25 

No. of cells . . 

2 

1 

5 

5 

11 

6 

7 

,7 12 

2 

1 0 1 

Total No. of 











chromosomes 











in each class 

26 

14 

: .75 

80 

187 

108 

133 

140 252 

44 

,23 O' 25 


Total No. of P.M. C.s 60. 

Total number of chromosomes 1107. 

Average number of chromosomes per single plate 18 'IS. 
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In one case, one of the Mil plates was seen to contain 25 chromo- 
somes (Fig. 67). Many cells show 21 chromosomes in a single plate. 
Fregnentiy uniyalents or laggards were seen lying in the plasma. 
Fig. 58 shows a fragment in the plasma and Fig. 59 shows a full uni- 
valent. These bodies are those wdiicli are left at A I and which 
have persisted iipto the second division without having been lost. 
Whether these bodies in any way hinder or interrupt the second 
division could not be definitely stated. No cases w^ere seen where 
they connected the tw' o metaphase plates by forming bridges between 
them. Usually these occupy a peripheral position in the equatorial 
region of the pollen mother cell. 

Total number of chromosomes in the two M II plates frequently 
vary much from the expected number. In many cases more than 3*6 
chromosomes w'ere found in both the plates. The average number of 
chromosomes calculated from Table II is higher than 18, which should 
be the normal average number of chromosomes in one pole of the 
M II plate. According to this the average total number of chromo- 
somes duringMII should be 37 instead of 36. This increased number 
is probably due to the division of univalents during the first 
anaphase. Fig. 67 shows chromosomes in the P.M.O. In these 
cases the small chromosomes should be taken as the daughter 
chromsomes of the univalents. 

Fig. 55 shows a regular M II stage where each of the twp M 11 
plates contains 18 chromosomes. Such cases were ho-wever not very 
frequent as indicated by Table II. The occurrence of w'idely varying 
numbers of chromosomes in the two plates has been reported in the 
case of the hybrids Nicotiana Hgelovii x N. sumeolens and N. Mge- 
lovii X iV. glutinosa (Goodspeed and Clausen, 1927u). Such a distri- 
bution of chromosomes may be the reason for the formation of 
polymorphic pollen. 

Fig. 60 and more markedly Fig. 61, suggest the fusion of two 
metaphase plates. Fig. 62 is considered to be the result of such a 
fusion. Fusion of second metaphase plates and subsequent dyad 
formation have been reported in many cases. In X-rayed Ficotiana 
Goodspeed (1929) has reported such a fusion, Morinaga (1931) has 
observed this phenomenon and dyad formation in interspecific 
hybrids of Brassica: Eecently Eaghavan and Venkatasubban 
(1940&) have recorded the fusion of M 11 plates in X-ra^-ed Oapsicum. 

Fig. 63 shows a giant spindle which is not to be held as belonging 
to the first division, for, more than 36 chromosomes could be 
counted in the anaphase. This spindle might have formed in tw'o 
ways. It might have originated from the fusion of two metaphase 
plates into a giant metaphase plate and its subsequent division or 
through the fusion of tw'o All spindles arranged parallel to each 
other side by side. In whatever way they might have arisen there is 
no doubt that these will produce only two daughter nuclei except 
for some microcytes, organised by the lagging fragments and uni- 
valents. Fig. 64 is another case where the daughter chromsomes 
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are proceeding up the giant spindles. This is one of the ways 
by which dyad formation may take place. 

Sometimes chromosome groups are connected together by long 
chromosomes forming bridges. The exact nature of these chromo- 
somes forming these bridges and the reasons for the bridge formation 
could not be studied in detail. The bridge formation is ppbably 
the cause of structural alteration of the chromosomes during th<3 
divisions and if this is true this case goes to support the theory 
that changes in chromosome structure often take place during 
meiosis in species hybrids. Miintzing (1935) in Nieotiana honariensu 
X N. Longsdorffi hybrids give support to the above said theory. 

From the above mentioned facts it is clear that dyad formation 
may take place by various methods. Formation of polyploid 
gametes like dyads and monads will be discussed in detail later. 
That dyads are formed in this case is proved beyond any doubt from 
the behaviour of chromosomes during the second division and from 
the Wail formation following the first division. Mtintzing (1935) 
stated that no dyads whatever were seen in the hybrid specimens 
which he investigated but in this case there is overwhelming evidence 
to prove that dyads are formed. Whether these dyads form viable 
pollen grains is doubtful. This difierence between these two cases is 
probably due to the difference in the variety of the Tahaeum parents 
used. Acetocarmine preparations show dyads along with tetrads 
thongh the percentage of the former is very low. Figs. 52-53 are 
from acetocarmine preparations. In one slide many sections show 
at least a single dyad in each anther-sac. Moreover, dyad for- 
mation is not an uncommon occurrence in interspecific hybrids. 
Like the arrangement of chromosomes in the first metaphase, dyad 
formation also is found associated with cases of asynapsis. In 
haploids or species hybrids where asynapsis or weak pairing 
occurs dyad formation also is met with. Goodspeed and Clausen 
(1928) report the presence of dyads in the hybrids of tomentosa x 
sylvestris which exhibit parallel cytological behaviour with Tabamm x 
gUitinosa hybrid. There, he states dyad production is not an 
uncommon ocQurveme in Nieotiana hybrids and while it appears 
characteristic of the hybrids in which the chromosomes fail to conju- 
gate, it is also observed in those which exhibit the Brosera scheme 
of conjugation.’^ This statement and the facts quoted above will 
strengthen the view that, as this is a case of weak synapsis, dyad 
formation also is naturally associated with it, though it was absent 
in the specimes of the hybrids -which Mixntzing examined. 

Apart from dyads, microcytes are also formed. Their origin 
is also due to the other irregularities in the second anaphase. Iii 
normal cases 18 chromosomes should he found in each of the 
4 telophase groups. In Fig. 67, tw^o of the groups contain 18 and of 
the other two, one has got 17 and the other 19. But even this case 
should be. considered to be the nearest to the normal distribution. 
In Fig. 68, 4 definite telophase groups are absent and in the same 
group sets of chromosomes have arranged themselves too distant 


328 


T. S. BAGHA7AN & A. B. SBINIVA8AN 



X 1,500. Figs. 52-53. Dyads occurring inter mixed with tetrad from aceto- 
carmine preparations. X 1,200. Mgs. 54-61. Second metaphase. X 2,200. 
Mg. 54. 20/17 ; Mg. 55. 18/18 ; Fig. 56. 16/23 ; Fig. 57. 13/25 ; Pig. 58. 
21/15 ; showing a fragment in the plama between the plates. Fig. 59. 10/27 
and an nni valent in the plasma ; Pig. 60. 18/17. Mg. 61. The two meta- 
phase plates have more or less fused. Fig. 62. Probably a giant metaphase 
caused by fusion of two metaphase plates. X 420. Mgs. 63-64. Giant 
spindles. Fig. 63. X 2,200 ; Fig. 64. X 420* Fig. 65. Second anaphase 
and fragments. X 2,200. Mg. 66. Second anaphase bridge connecting 
bridges two groups of chromosomes, x 420. Figs. 67-68. Second telophase. 
Fig. 67. Shows four groups. X 2,200. Fig. 68. Not showing 4 distinct 
groups. X 1500. Figs. 69-76. Bridge formation and fi'agmentation 
X 700. Figs. 77-78. Probably show fusion of telophase nuclei, x 700. 
Figs. 79-80. Tetrads with two small cells. X 350. Fig. 81. P.M.C. with 
seven cells, x 700. Mg, 82, A pentad. X 350. 
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from each, other to permit the iuclusioB. of all of them in one and the 
same nucleus. So each set comes to have a nuclear membrane and 
a cell wall giving rise to pentads or tetrads containing more cells. 
A pentad and a seven-celled P.M.O. have been figured in Pigs. 82 
and 81 respectively. 

Fragments are produced from lagging chromosomes which 
sometimes form bridges. When the leggards ultimately join any of 
the telophase groups they get split and give rise to fragments. 
These fragments may form microcytes. Figs. 69-72 show chromo- 
some lagging and fragmentation. Figs. 73-76 show telophase 
groups of unequal size and fragments from w^hich micronuclei and 
microcytes may arise. Figs. 79-80 show' tetrads in which two of 
the cells are very small in size having probably been formed from 
the fragments. 

Micronuclei formation of this sort has been described in 
Nicotiana bigeloviix N, suaveolens hybrids (Goodspeed and Clausen, 
1927a). This phenomenon has been reported in many tripioids. 
Eaghavan and Venkatasubban (1940a) have recorded it in triploid 
TJrginea. Dark (1932) has observed it in triploid HemeroealUs and 
is of opinion that these arise from univalents w'hich are situated 
too distant to be included with the other chromosome. Takenaka 
(1929) is of opinion that these arise from stray chromosomes around 
w'hich a nuclear membrane and a cell wall are formed. Frequency 
studies of tetrads with microcytes and dyads was done and the 
result was as follows : — 

Table III 



Normal 

tetrads 

Tetrads 
with one 
microcyte 

Tetrads 
witk more 
than one 
microcyte 

Dyads 

Total No. 
of 

teti'ads 

No. of cases . . 

102 

110 

31 

7 

250 

Percentage . . 

40-8 

44 

12 ‘4 

2-8 

100 


More than 56% of the tetrads have microcytes, the remaining 
cells being called normal. They are normal tetrads only inasmuch 
as they have got 4 cells, neither more nor less. Very frequently 
the 4 cells show great disparity in their sizes (Figs. 79-80). 

Pollen grains, as may he expected from the above mentioned 
facts, are polymorphic (PI. VI, &). There is no strict demarcation of 
sizes. All sizes are found and most of the pollen seem to be non- 
viable. When treated with acetocarmine, none except a very few 
grains took up the stain. Figs, a and b in Plate VI show' the micro- 
photographs of the pollen of the Tabacum parent and the hybrid 
respectively. Germination of the pollen in agar cultures as w'as 
done for NemopUla (Wulff and Eaghavan, 1937) was tried in this 
case, Fot even a single pollen tube was put out. But this time 
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no control experiments with the pollen of the parents were done. 
The nnhealthy appearance of the pollen and their failure to 
germinate in the pollen tube cnltnres clearly indicate that these 
pollen are not viable. 

At the shedding time the generative cell is formed in the good 
pollen which was seen in the centre like a crescent moon. But the 
number of such good pollen is very low wdien compared, with the 
non- viable pollen, grains. Moreover, there is not much evidence to 
show that even these good pollen grains are viable. Crossing experi- 
ments using the pollen of the hybrid on the stigmas of the parents 
are being done. Until the results prove to us definitly it cannot 
be said with certainty that the microspore of glutinosa x labacum 
Pi is viable. 

V. Discussion 

{a) Inter sped fie hybridisation — a guide to ancestral homology 

Interspecific hybridisation and the study of interspecific and 
intergeneric hybrids have long been engaging the attention of many 
cytologists, because the results obtained by these studies serve as 
valuable clues to determine the relationship between the various 
species. The mode of origin of new species can be established with 
the help of interspecific hybridisation. Species having the same 
number of chromosomes wdien crossed with each other will give 
either fertile hybrids or hybrids of a partially or completely sterile 
nature. Such fertile hybrids are met with in the cases of Viola 
(Clausen, J., 1931), Nicotiana (Goodspeed, 1934) and Tritieum (Aase, 
1930). Cytological investigation of these hybrids revealed regular 
pairing betw'een the parental chromosomes. This complete synapsis 
is the reason for fertility of these hybrids and indicates that the 
homology of the two sets of chromosomes is complete. Therefore, 
the two parents which are taxonomically distinguished as two diff- 
erent species can he traced back to the same origin cytologically. 

In the case of sterile hybrids, some show* partial pairing with 
formation of varying numbers of bivalents and univalents* The 
greater the number of bivalents the more fertile is the hybrid. Such 
cases occur m Mcotiana (Goodspeed, 1934), Viola (Clausen, J., 1931) 
and Brassica (Morinaga, 1929a and 1931). There are other cases 
where no pairing whatever has been observed. This complete 
asynapsis is characteristic of intergeneric hybrids, Eaphanus 
sativus xBrassica (Karpechenko, 1927, 1928) md AiJgilops 

omta X Tritieum dioeoceum (Sax, 1928). Examples of interspecific 
hybrids with complete asynapsis are not rare, 0 .^., Grepis (Collins 
and Mann, 1923) Digitalis (Hassebessel, 1916) Nicotiana (Goods- 
peed, 1934). 

So far hybrids whose parents have the same number of chromo- 
somes have been considered. The cases of hybrids whose parents 
possess different number of chromosomes are more complicated and 
none the less interesting. In some cases varying number of 
bivalents are formed the number of such bivalents generally being 
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equal to the haploid chromosome number of the parent -with the 
smaller number of chromosomes. This belongs to the Drosera 
scheme of pairing according to Tackholm (1922). Nicotiana 
Tahacum x N. sylvestris hybrids (Goodspeed and (.hausen, 19275) 
exhibited 12 jj. + 12j.. Sax found in 1928 that from a cross of Triti- 
cum durum (n^ 14) x Triticum vulgare {n^ 21) in the Fi a 
configuration was obtained. (31ausen5 J. (1931) observed 13n + 
in the hybrid Viola arvensis {n=17)x Viola tricolour (n=^lS}. 
Goodspeed and Clausen (19275) make mention of a cross between 
Nieotiana longiflora {n 10) x Nicotiana alata (n =9) giving rise 
to a hybrid showing + Ij. . All these data regarding the number 
of bivalents in the hybrid, denote the number of homologous 
chromosomes in the parents and as such, those chromosomes which 
thus undergo synapsis, should have more or less the same composi- 
tion and could be traced back to identical origin. Bo these data 
are valuable in drawing up schemes of composition and origin of 
chromosome sets in species. 

Another usefulness of interspecific hybridisation is the synthesis 
of new species. Many sterile hybrids, both interspecific and inter- 
generic, are known to have become fertile by doubling their 
chromosomes. Thus, amphidiploids arise. EapJianobrassica 
(Karpechenko, 1927) is an example of an amphidiploid from an 
intergeneric hybrid. Many examples of amphidiploids from inter- 
specific hybrids could be cited. Winge in 1932 has reported a 
number of such cases. Nilsson (1925) got a sterile hybrid having 42 
chromosomes between Festuca arundinacea x F, gigantia. This 
hybrid when backcrossed to one of the parents gave rise to an 
amphidiploid with 84 chromosomes. Miintzing (1930) synthesized 
the naturally occurring Galeopsis tetraJiit from the two sx>ecies, 
Galeopsis pubescens md Galeopsis speciosa. The work of Huskins 
(1931) established on cytological grounds that Spartina Townsendii 
is an amphidiploid. Lastly there is the evidence of Kostofl* 
(1936) as to the origin of A. rustica as an amphidiploid from 
Nieotiana panieulatax A. undulata. Goodspeed and Clausen (1928) 
have similarly proved the origin of Ah Tahacum as an amphidiploid 
from N, sylvestris X Ah iomentosa. All these go to substantiate 
that, amphidiploid derivatives behave like new stable species and 
that their origin is from intergeneric and interspecific hybrids. 

In some other cases all the chromosomes of both the parents 
are not included in such hybrid derivatives. Only certain ehrorno- 
somes of one parent are combined with the chromosomes of the 
other parent. Such cases are to be found in Viola Jiypereliromatica 
having 42 to 45 chromosomes from a cross by Clausen, J. (1926) 
between Viola tricolour {n —13) x F, arvensis (n=17). Webber 
in 1930 got a 50 chromosome derivative from A. sylvestris. x N. 
I'u5ac'um hybrid by selfing it, Lammerts (1932) obtained in a similar 
manner a 60 chromosome derivatived from A. rustica x Nlpani^ 
culata hybrid. Ail these derivatives bred true and behaved like 
constant species showing no signs of their hybridity. 
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The above mentioned cases are all nev/ derivatives -with changes 
in chromosome numbers only* Derivatives with changes in chro- 
mosome morphology have also been met with as an example of 
which can be mentioned Grepis» The works of l!Tavaschin (1927j 
1933 and 1934) give ns a lot of evidence on this matter. The view 
that such structural changes are effected during the meiosis of the 
hybrid was expressed by Mlintzing also (1935). 

So these facts show clearly that interspecific hybrids reveal the 
relationship between the various species and also afford ample 
opportunities for the evolution of new species through chromosomal 
changes both numerical and structural. 

The present cross effected betw^een Tahaeum (2n == 48) and 
glutinosa {2n = 24) would appear to exhibit practically no pairing. 
The 36 bodies appear as univalents in diakinesis and first 
metaphase of the meiosis of the pollen mother cells. Bivalents are 
formed only to a limited extent. On an average 4 bivalents are 
formed in each pollen mother cell according to the data given in 
Table I. The factors that are responsible for this partial synapsis 
are not quite clear. 

Goodspeed (1934) has utilised cytological evidence to elucidate 
interpretation of the relation of chromosome behaviour in inter- 
specific hybrids to phylesis from observation over the behaviour of 
a number of interspecific hybrids in Nicotiana. The following was 
one of the conclusions that was arrived at. The minimum amount 
of pairing bears a definite relationship to the number of chromosomes 
and may be a reflection of (a) the residual homology possessed by 
the races, the progenitors of w’hicii were more closely related to them 
than to-day; (5) the occurrence of non-homologous association at 
pachytene. 

In tw'o of the pollen mother cells 8 bivalents were seen in the 
l)resent hybrid. The pairing in this case cannot be called conjuga- 
tion of the Drosera scheme as it would involve the formation of 
at least 12 bivalents. It may be said that it is a partial autosyndesis 
where 16 chromosomes oi Tahaeum have chosen to synapse and form 
8 bivalents. But against this we have to rememher the fact that 
haploid Tahaeum appeared in the cultures of Chipmann and 

Goodspeed (1927) showed no pairing at all. 

Since tahaeum Axm an amphidiploid of tomentosa xsylmstris 
as its progenitor, the 24 haploid chromosomes of Tahaeum may be 
regarded to be composed of 12 tomentosa and 12 sylvestris chromo- 
somes. That these will not pair among themselves is clear from 
the fact that tahaeum h an amphidiploid. No synapsis taking place 
in the tomentosa x sylvestris hjhvid, it is likely that the bivalents 
formed are those of sylvestris or tomentosa chTomoBomeB at random 
with glutinosa, * 

The heli2iYiom of tomentosa X glutmosa hybrid throws much 
light on the nature of pairing in the present case. The tomentosa x 
gluiinosa hjhTid has 24 chromosomes of which the frequent forma- 
tion of 5 bivalents has been reported (Elvers, 1934 ; Goodspeed, 


GYTOGmUTIGAL STUDIES IN MOOTIAl^A— I 333 


1934). As tomentosa forms part of the haploid chromosome comple- 
ment of Tahacum the pairing seen in the present hybrid is probably 
bet-ween glutinosa chromsomes and tomentosa portion of Tahamim 
chromosomes. Even the abnormal case of 8 bivalents can be 
explained on this basis. For according to both the authors quoted 
above j as many as 9 bivalents are formed in some cases in the 
tomentosa x glutinosa hybrid. The nature of pairing in the latter 
hybrid not being quite clear it is impossible to state positively that 
the synapsis is beWeen the glutinosa chromosomes and tomentosa 
part of the Tahacum chromosomes. 

One fact stands prominently from this cross and that is the 
comparative distance between Tahacum and glutinosa species. This 
is mainly inferred from this almost complete lack of synapsis 
referred to above. Amphidiploids from this hybrid have been 
obtained as bud sports (Clausen and Goodspeed, 1925). In this 
allopolyploid Nicotiana digluta^ Clausen and Goodspeed (1925) found 
only autosyndesis. Degeneration in this hybrid is extensive. 
Embryo-sac is not formed beyond the uninucleate stage and the 
pollen is completely sterile and non-viable (Baghavan and 
Srinivasan, A. E., 1941). 

So there can be no question of amphidiploids arising sexually. 
It can only be by somatic doubling. It has already been said that 
Tahacum is an amphidiploid of sylvestris x tomentosa. They are not 
closely related inasmuch as there is no pairing of chromosomes 
in the hybrid between them. Similarly between Tahacum and 
glutinosa theie is practically no pairing indicating a distant homo- 
logy, though considering the degree of pairing in both the cases 
glutinosa be said to be more related to Tahacum than sylvestris 
and tomentosa are to each other. 

Evidence has been cited above to show the probability of 
synapsis being betw'een glutinosa and tomentosa portion of Tahacum 
chromosomes. Whether sylvestris and glutinosa chromosomes are 
closely related and could synapse can be inferred from the data 
about chromosome pairing in the glutinosa x sylvestris hybrids 
(Goodspeed, 1934). 

In the above case the amount of pairing is considerably less than 
what we get between tomentosa and glutinosa, A maximum of 
4 bivalents are formed m sylvestris as against 9 in tomentosa and most 
of the pollen mother cells show only tw'o bivalents in the former as 
against 5 of the latter. So it follows that glutinosa is more related 
to tomentosa than to sylvestris and hence if any allosyndetic pairing 
occurs, it is more likely to he between glutinosa and tomentosa than 
loet^een glutinosa sylvestris. 

The ahovesaid fact agrees well with the classification of the 
A'icotmm species by Goodspeed (1933). Glutinosa hem included 
in the group on the basis of similarity in chromosome 

number and morphology, while sylvestris has been separated from 
this group though it has got the same number of chromosomes as 
tomentosa. It is possible that larger differences in chromosomq 
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morpliolog’y in the case of sylvesiris make pairing more difficult 
than in the case of glutinosa, 

(h) Formation of Polyploid gametes 

Formation of dyads has been observed in the present hybrid 
and the probable methods by which they are formed have also 
been described. The production of dyads in unreduced gametes 
leads to the establishment of polyploidy sexually. Polyploid 
gamete formation has been reported in many cases. Many inter- 
specific hybrids as an example of which may be cited Bmssiea 
(Moriiiaga, 1931), produce dyads the origin of which has been 
ascribed to the fusion of second metaphase plates. 

Polyploid gamete formation has been studied in Avena by 
Ellison (1937). But Avena is a monocot and details cannot be 
common to that plant and Nicoiiana which belongs to the dicoty- 
ledons. But the essential feature that was observed by her was 
the failure of cell-w^all developments at various stages where wall 
formation ought to have taken place during normal meiosis. 

This absence of wall formation in premeiotic divisions will 
result in pollen mother cells with twn nuclei. If these two nuclei 
fuse we will get a nucleus which has a tetraploid number of chromo- 
somes and will give rise to diploid gametes assuming that meiosis 
takes place normally. Binucleate pollen mother cells thus produced 
have been reported in Tridax (Bagbavan and Venkatasubban, 1941). 
Such binucleate pollen mother cells are also formed as a result of 
cytomixis as in the present case in Oryza (Nandi, 1937). 

Binucleate pollen mother cells were met with in this case also 
and it is more probable that they arose through cytomixis than 
through suppression of wall formation during the premeiotic divi- 
sions. As the binucleate pollen mother cells have an increased 
number of cbromosomes they are sure to produce polyj>loid gametes 
if the meiosis is regular. 

If wall formation takes place after the first divison and the 
second division is suppressed as is presumed in some of the cases of 
the present hybrid, polyploid gametes cannot arise. If however, 
the nuclei of the two daughter cells divide w ithout subsequent cell 
wall formation then dyads wdth diploid numher of chromosomes will 
be produced assuming that the chromosomes at A I have been 
equally distributed to the tw*o poles. The suppression of the 
second division and the phenomenon of monokinetic division ’’ 
has been observed by Levan (1933) in Allum species but in that case 
no wall formation was observed and the result was a giant pollen 
grain. So it is evident that the dyad-like bodies seen during inter- 
phase in this case do not produce polyploid gametes. 

The fusion of Mil plates has been uniformly found in almost 
all cases where polyploid gametes arise. In the present hybrid also 
such a phenomenon was observed. In monocotyledons suppression 
of wall formation after the first division is necessary to ensure the 
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fusion of Mil plates. But in dicotyledons there is no celh^^all for- 
mation after the first division and the fusion is much more easily 
possible. Dyads resulting from such fused giant Mil plates v- ill 
contain polyploid numbers of chromosomes. If ivall formation is 
suppressed alter this division a monad vdiich contaiiiis chromo- 
somes wll result. Monads in the case of Seilla (Eaghavan and 
Venkatasubban, 1939) were obtained by fusion of 4 haploid telophase 
groups of chromosomes owing to the suppression of wall formation 
in the preceding divisions. Such fusions are also found in this case 
and denote probably another method by which polyploid gametes 
arise (Figs. 77-78). 

So it is evident that suppression of wall formation is the chief 
feature in the production of polyploid gametes. Formation of resti- 
tution nucleus is also one of the methods of production of diploid 
gametes and has been reported in many cases. 

In whatever way these gametes may arise it has been observed 
that only very few of these gametes are fertile. In this case almost 
all the pollen were observed to be non-viable. But some viable 
polyploid pollen also are present though to a very low percentage. 
In order to test the viability of such pollen, back-crossing experi- 
ments with the parents are carried on and only from the results we 
can ascertain the polyploid nature of the few viable pollen that 
are produced by this hybrid. 

VI. SUMMAEY 

1. Interspecific crosses between a South Indian variety of 
Nicotiana Tabacum and N. gliitinosa, w'ere effected and the cytology 
of the hybrid was studied for the first time in India, 

2. Details of meiosis in the glutinosa parent have been worked 
out and the process of tetrad formation by furrowing is described. 
The meiotic featuies of the particular variety of Tabacum have also 
been recorded* 

3. The phenomenon of cytomixis has been described and the 
light that it throws on polyploidy is discussed. 

4. The scattered arrangement of chromosomes at the first 
metaphase I has been discussed in relation to haploidy and asynaptic 
interspecific hybrids ; ^‘ secondary pairing of univalents has been 
recorded. 

5. Dyad formation is reported and the various methods by 
which it is formed are described. 

6. Pollen grains are generally non-viable but a fewt good pollen 
are produced which are probably polyploid and these are two celled 
at shedding time. 

7. Interspecific hybridization is discussed as a guide to 
ancestral homology. The synaptic behaviour of the present hybrid 
is discussed in this light. 

8. Pol 3 ^ 1 oid gamete formation has been discussed in the light 
of observations made about dyad formation in the present case. 
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EXPLANAT ION OP PLATE VI 

(а) Microphotograph of the pollen of the Tdbacian parent. 

(б) Microphotograph of the pollen of N. Tabacum X N. gluthiosa Fj 

hybrid. Many of the pollen have not been stained. Only very few viable 

pollen have taken up the stains. 

Both are from acetocarmine preparations. 
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1. Introduction 

Earliest workers in this family areSchleiden (1837) and Hofmeister 
(1858). The works of these authors have been summarised and 
many of their views were modified by Lloyd (1902). Schnarf (1931) 
gives 'a list of other authors, who have investigated chiefly the 
members of the temperate genera belonging to this family. 

The first work of much significance was by Lloyd (1902) who 
compared the embryological features of many genera in this family. 
His work deals with information about the genera Vaillantia, Calli- 
peltis, Asperula, Crucianella^ Diodia, SherarMa, Bubia, Eichardsonia 
and Houstonia. He has described the ovule of Eoustonia as having 
no integuments. His , work' throws much light on the nature of 
nucellus in the plants belonging to this natural order. The occur- 
rence of suspensor and antipodal haustoria, has also been reported 
in many genera. The cytology and the behaviour of pollen tube in 
certain genera have been described. 

9 
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The work of Fagerlmd (1937) is one of mmh importance after 
Lloyd^s. Fagerlind has studied, in addition to those genera investi- 
gated by' Lloyd, some more temperate genera and some tropical 
genera like Pavetta^ Ixora, etc. He has described the embryology 
of Spermacoce tenoir and an unspecified member of the genus Olden- 
landia. He has divided the family into many groups which exhibit 
typical methods of integument and nucellus development, embryo- 
sac formation, antipodal haustoria development, etc. Chromosome 
numbers of a large number of species distributed over various genera 
are given, with special reference to the genus Galia and the light it 
throws on polyploidy. 

Stevens (1912) has described the cytology of Emsionia and 
Houk (1938) has investigated the development of integument and 
nucellus in Gojfea. The latter author has mentioned that a structure 
called the obturator envelops the young ovule and disintegrates as 
the ovule grows in size. Krug (1937) has studied the genus Goffea 
cybogenetically. 

In the present wmrk the embryological features of Dentella 
repens and Oldenlandia alata are described. The chromosome 
numbers of some species have been reported and an attempt is made 
to discuss the basic number of chromosomes in Eubiacese. 

Dentella and Oldenlandia are herbs belonging to the Hedyoteae 
tribe of the Eubiaceie. These are generally found in moist places 
on the edge of canals and pools. 

2. Materials axb Methods 

Somatic chromosome counts wwe made from root-tips fixed 
in Kavaschin’s fluid. Maximum mitotic activity w^as observed be- 
tween 9 and 10 A.M. For meiotic studies, the correct stage for fixa- 
tion of anthers was determined by acetocarmiiie examination. Where 
the anthers were very small, whole buds were prefixed in Carnoy^s 
fluid for 2“'6 seconds and then transferred to Kavaschin’s chrom- 
acetic-formalin. 

For morphological studies the ovaries were fixed in Formalin 
Acetic Alcohol. The materials were dehydrated as usual and then 
imbedded in paraffin wax using chloroform as the paraffin solvent. 
Sections were taken at thicknesses varying from 6~15 microns and 
stained in Newton’s Iodine Gentian-Tiolet and Haidenhain’s Iron- 
Alum Hematoxylin. 

3. Dentella BEPENS 

The ovary is inferior and bi-locular wdth an axile placenta 
bearing numerous ovules (Fig. 1). The ovules at first arise 
as straight protuberances from the placenta and then they curve 
towards one side. The archesporinm is difierentiated at this period 
and it consists of either a single cell or two cells differentiated from 
the hypodermal layer. The nuclei of these are bigger in size and 
the cell is rich in cytoplasm. Sometimes, two archesporiai cells 
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arise ^ one ^below the other (Fig. 2). As the ovule grows in 
size the archesporium gradually elongates and the body of the ovule 
becomes bent and at a later stage, when the archesporium has attain- 
ed its maxiinum size, the body of the ovule lies at right angles or a 
little wider angle to the funicle. Neither the body of the ovule nor 
the emhryo-sac is curved (Fig. 1). The ovule can neither be classed 
as campy lotr op ous nor anatropous. It is midway between ortho- 
tropous and amphitropous types, as the ovule at a later stage 
makes a wider angle with the funicle. 

The megaspore mother cell has a single epidermal cell covering 
it at its apex, and on all other sides, is surrounded by the massive 
single integument (Fig. 4). No nucellar layer is found to cover the 
archesporium on all sides as is met with in Solanacese, Scrophu- 
lariacese, etc. The single epidermal cell probably represents the 
much reduced nucellus. The nature of nticellus and integument 
in the plants of Eubiace^ is not quite clear and will be discussed in 
detail later. Such epidermal nucelli are otherwise known as the 
^rudimentary nucelli’, and are met with in Apocyanacese also 
(Anderson, 1931). 

With the development of the ovule, the cells of the integument 
divide vigorously and as a result the integuments grow past the 
single epidermal nucellar cell, which does not divide. The cells of 
the integument are closely set and the micropylar canal is very 
delicate. In later stages than the dyad stage, the micropylar canal 
could not be made out. This was perhaps the reason w'hy the ovules 
of Eubiacese were thought to be consisting of a naked nucellus 
(nucellus nudus), i.e.^ without any integument, by Schleiden (1837), 

The single megaspore mother cell undergoes reduction division 
and gives rise to the dyads (Figs. 5 and 6), from wdiich a linear tetrad 
is formed (Fig. 7). Though two archesporial initials w-ere observed 
in some cases, only one developed into the megaspore mother cell. 
The development of more than one archesporium up to the tetrad 
stage is not rare in Eubiacese. Lloyd (1902) has reported such 
cases in Gallipeltis, Galium and Grucianella. 

Of the four cells of the tetrad only one cell devcdoped. In 
Cmcianella^ all the four cells of the tetrads w'ere found to develop 
into embryo-sacs (Lloyd, 1902). Such a condition has been met 
with in AloliemiUa also, where two or three of the megaspores arising 
from a single archesporium, develop simultaneously (Miirbeck, 
1901). In Bentella howeYer, the ohalazal cell developed and the 
other three degenerated (Fig. 8). At this stage, the cells of the 
integument immediately surrounding the megaspore frequently 
degenerate owing to the growth of the megaspore into the uni- 
nucleate emhr^m-sac. Lengthening of the megaspore and vaeuola- 
tion results in the uninucleate embryo-sac (Fig. 9). The single 
nucleus now divides thrice resulting in the eight nucleate embryo - 
sac. The formation of the mature embryo-sac from three divisions 
of the megaspore is characteristic of the normal type of embryo-sac 
formation. Though normal type is vthe rule, type of 
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devlopmeiit has been reported in ScypMphora by Karsten (1891). 
iagerliiid (1937) mentions that sc of embryo-sac 

development is followed in Cmcianella and in Enhia oUverii, 

When the embryo-sac has reached the 8-iriicleate stage, 4 nuclei 
lie at each pole of the embryo -xsac. Of these, ^ one laiehois from the 
clialazal end and one from* the micropylar end, travel to the centre 
and fuse near the egg cell giving rise to the secondary niiclens. 
The three remaining nuclei at the micropylar end, organize into the 
egg-apparatns. The two synergidal cells show vacuoles beiieath the 
nnclei, and the egg cell is situated below the synergids the centre. 
The three cells at the chalazal end organize themseIv<'S into the 
ephemeral antipodal cells (Pig. 12). Antipodaisin the ease of this 
plant have a very short period of existence. Even long before 
fertilisation they show" a degenerating appearaaicf' and in many 
ovules they are not at all found. This fact is very significant 
because in some other genera antipodals are not only large but 
tbroiigh divisions, form large structures and peform haustorial func- 
tions (e.g.^ GalUpeltis^ Aspenda^ DioMd. etc.). Pageiimd has classi- 
fied the type of antipodals according to their size, shape and period 
of existence, and the antipodals of Deniella do not fall into any of 
these groups described by Mm. So such epbemeral antipodals 
if met with in Eubiacem may be grouped as the Dentella type. 

After fertilisation the endosperm nucleus divides first and gives 
rise to the nuclear endosperm (Pigs. 14 and 15). The first division 
of the zigote is transverse (Pig. 16), resulting in a linear proembryo 
of two cells (Pig. 17); by another division a three-ceiled body 'is 
formed (Pig. 18). The apical cell divides now giving rise to a four 
celled proemhryo {Pig. 19 and 20). In this four-celled proembryo, 
both the apical cell and the cell next to that undergo division giving 
rise to six cells arranged in a linear fashion (Pigs. 21 and 22). Mow a 
quadrant is formed through the anticlinal division either of the 
apical cell (Pig. 24) or of the cell next to that (Pig. 23). The trans- 
verse division of each cell of the quadrant results in the octant 
body (Pig. 25). At this time, the suspensor is uni-seriate and con- 
sists of four cells. Longer, uni-seriate suspensons are knowm in 
EieMrdsonia (Lloyd, 1902) and in Spermaeoee (Pageiiind, 1937). 
Haustorial outgrowths from the cells of the suspensor are charac- 
teristic of many genera as examples of •which may he mentioned 
Aspemla, GallipeltiSj Vaillantia, etc. 

The nuclei in the octant cells divide giving rise to two nuclei 
in each cell (Pig. 26) followed by oblique periclinal -wall formation 
in each cell separating the twm daughter imciei (big. 27). The cell 
of the suspensor immediately attached to the embryo is the hypo- 
physis and it divides periclinally, the daughter cell at the apical 
portion taking part in the organization of the dermatogen of the 
embryo. The three layers which wdll give rise to the dermatogen 
perihlem and plerome are differentiated and the lobing of the coty- 
ledons begins (Pig. 28). 

The endosperm formation is nuclear. Wall formation in the 
endosperm begins only when wail formations take place in the 
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Figs. 1-30. Dentella repens "FoTst, — Pig. 1. Shows bi -ocular ovary 
the numerous ovules being midway between amphi- and orthotropous types. 
Fig. 2, Two archesporial cells one below the other. Pig. 3. Single arche- 
sporiam at a later stage. Fig. 4. Megaspore mother cell capped by the 
single nucellar cell and surrounded by the integument on all other sides. 
Fig. 5. Dyad stage. Fig. 6. Division of dyad. Fig. 7. Linear tetrad. 
The micropylar canal cannot be made out. Fig. 8. Shows chalazal mega- 
spore developing and the other three degenerating. Fig. 9, Uninucleate 
embryo-sac. Pigs. 10 and 11. Two- and four-nucleate embryo-sacs. 
Fig. 12. Mature embryo-sac showing the degenerating antipodals and the 
polar nude; about to fus)e. Fig. 13. Zygote and the endosperm nucleus, 
tig. 14. Division of endosx^erm nucleus. Fig. 15. Showing the nuclear 
condition of the endosperm. Fig. 16. Division of zygote. Fig. 17. 
2-Celied embryo. Fig. 18. 3-Celled embryo. Fig. 19. The same with 
division of the apical cell. Pig. 20. 4-C©lled embryo. Pig. 21. The 
same with division completed the cell at the apex and division going on 
in the cell next to it. Pig. 22. 6-Celled linear uni -seriate pro-embryo. 
Pig. 23. Formation of quadrant by the division of the second cell from 
the apex. Pig. 24. The same by the division of the apical cell. Fig. 25, 
Octant. Fig. 26. Didsion of nuclei in the octant cells. Fig. 27. Oblique 
wall formation in the same. Fig. 28. Embryo showing three suspensor 
cells and the divided hypophysis. Fig. 29. The same with endosperm 
cells degenerating around the embryo. Fig. 30. Section of the mature 
seed showing two or three layers of endosperm cells and a single layer of 
integumental cells. Ail the above diagrams are of the magnification 
X 750, except the following : Pigs. 1 and 30, X 75, Figs. 26, 27 and 29, 
X 150. 
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octant cells. Tlie wall formation, in tlie endosperm proceeds centii- 
petally. A lacuna is formed around the embryo tlirongb the dis- 
solution of endosperm cellsy near th 3 embryo. 

In the mature seed the embryo has two cotyledons and lies 
embedded in two or three layers of eridosperni. The integument, 
even before the lohing of cot:^ledons, was only two or three layers 
thick, the rest having degenerated with the growth of the endosperm 
tissue. In the mature seed it is left as a thin single layer of cells 
surrounding the endosperm tissue, which stains dark owing to the 
accumulation of starch and other food snhstanees stored up for the 
embryo (Pig, 30). 

4. Oluenlandia alata Koch. 

The ovary in this case also is bi-I ocular with axile placenta 
bearing many anatropous ovules. The development of the ovule 
resembles that found in Dentella. 

A single archesporial cell is differentiated from the hypodermal 
layer of cells (Fig. 31). In this case also, there is only a single 
nucellar epidermal cell. This nucellus has been described as belong- 
ing to the Olde7ilandiaAj'pe by Pagerlind, The archesporium 
elongates and undergoes the reduction division giving rise to the 
dyad (Pigs. 32 and 33). The dyad gives rise to the linear tetrad 
(Pig. 34). By this time, the integument grow's fast crushing the 
single nucellar cell and a very narrow* mieropylar canal can be made 
out. 

The chalazal megaspore develops iuto the uninucleate embryo- 
sac (Pig. 35). The single nucleus divides and the daughter nuclei 
reach the two poles (Pig. 36). There they undergo tw^o subsequent 
divisions ultimately resulting in four nuclei at each end. The polar 
nuclei travel towards the centre and the egg-apparatus is organised 
(Pig. 38). The polar nuclei fuse near the egg cell (Pig. 39), and 
the fused secondary nucleus is seen to migrate to a more central 
position (Pig. 40). 

The main feature in which the embryo-sac of Oldmlandia 
differs from that of Dentella, is the nature of antipodal cells. Instead, 
of the extremely ephemeral antipodals, the three cells at the chalazai 
end persist until fertilisation, in good and healthy condition (Pigs. 
38, 39, and 40), and degenerate only afteiwvards. But they are not 
seen to persist for a longer time as in the other genera mentioned 
before. The embryo-sac is relatively stretched longer and is a bit 
curved. ■■ , 

The endosperm is nuclear and the first division of the zygote is 
transverse (Pig, 42). The development of embryo takes place 
along the same lines as in the case of this case, the 

formation of quadrant was observed to be due to the division of the 
ceil next to the apical cell (Pig. 45) and the division of the apical 
cell was not ohserved, while both these methods were found to be 
followed in Dentella. The cell wall formation in endosperm takes 
place relatively earlier than in the case of Dentella. Even in the 


STUDIES IN THE HUBIAOE^—I 


347 



Figs. 31-50. Oldenlandia alata Koch. — Fig. 31, Single archesporium. 
Fig, 32. Megaspore mother cell showing the one -celled nncellus, and 
massive single integument. Fig, 33. Dyad stage. Fig, 34. Linear tetrad. 
Figs. 35-37. 1, 2, and 4 -nucleate embryo -sacs. Fig. 38. Mature embryo - 

sac before fusion of polar nuclei. Fig. 39. The same showing the fusion 
of polar nuclei very near the egg cell. Fig. 40. The same showing the 
secondory nucleus migrated to a more central position. Fig. 41. Zygote 
and endosperm. Figs. 42-49. Embryo formation ; Figs. 42 and 43, 
showing nuclear endosperm ; Fig. 45, cell wall formation in the endosperm. 
Fig. 50. Mature seed, showing more than four layers of endosperm cells 
surrounded by a single layer of integumental cells. All the figures except 
41 and 50 have been drawn at magnification, X 750 ; Fig. 41, X 500 ; 
Fig. 50, X 150. 

quadrant stage the embryo is seen to be surrounded by endosperm 
cells (Fig. 45). 

As in Dentella, the embryo lies embedded in the mass of endo- 
sperm tissue around which a thin layer of the integument was 
observed (Fig. 60). 

Thus the genera are very closely related and exhibit extremely 
similar morphological features, but for some minor differences as 
the nature of the ovules and the antipodals and the early cell wall 
formation in endosperm. 

6. Cheomosome Numbers 

The chromosome numbers of twenty species distributed over 
various genera have been determined. It was not possible to deter- 
mine both the somatic and the meiotic chromosome numbers for all 
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Mgs. 51-72. Chromosome numbers. — Fig. 51. Oldenlandia alata 'Koeh. 
M. I. n— 18. Fig. 52. O. umhellata Limi., n= 18. Fig. 53. O. corymhosa 
Linn., n= 18, Fig, 54. O. crystallina n~ 9, Fig. 55. O. panicu- 

lata Linn., n= 36. Fig. 56. O. aspera B.O., w= 18, The chromosomes 
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tie plants. Most of tie numbers are determined for tie first time 
and tie rest go to confirm tie previous findings. 

Oldenlandia alata Kocl. (Fig. 51) slows tie meiotic first meta- 
plase of tie plant. Biglteen bivalents are seen and tie clrorno- 
somes are comparatively small in size. 

Oldenlandia umbellata Linn. (Fig. 52) las a laploid number of 
eiglteen as slown in tie metaplase I plate. 

Oldenlandia corymhosa Linn. (Pig. 53). This plant las also got 
a laploid set of eighteen bivalents. 

Oldenlandia cry stallina Boxb. (Fig. 54). This 
nine bivalents in first meiotic metaplase. 

Oldenlandia paniculata Linn. (Fig. 55). Thirty-six bivalents 
could be counted in the first meiotic metaplase plate of tie plant. 

Oldenlandia aspera D,G, (Fig. 56). Slows eiglteen bivalents 
in M. I. plate. Tie chromosomes are found scattered throughout 
tie spindle region. Tie exact causes which may be responsible 
for this could not be found out as the chromosomes were very 
small. 

Fentas carnea Bentl. (Fig. 57). The plant during meiosis 
forms ten bivalents. The somatic chromosome number of this 
plant las been reported by Fagerlind (1934) as twenty and agrees 
with the present finding. 

Dentella repens Forst. • (Fig. 58). Only second metaplase 
plates were obtained and eighteen chromosomes were counted at 
each pole. 

OpJiiorrlika brunonis, W. and H. Prod. (Fig. 59). The laploid 
chromosome number was found to be eleven. 

Eamelia patens Jacq. (Fig. 60). The somatic chromosome 
number of this plant was found to be twenty-four by Fagerlind 
(1937). The meiotic metaplase slows twelve big bivalents and 
confirms the previous findings. 

Mussaenda corymbosa (Fig, 61 ). The somatic plate slows 
twenty -two chromosomes which are short. Most of these appear 
to have terminal constrictions. 

Mussaenda luteola (Fig. 66). The meiotic chromosome num- 
ber was found to be eleven. This is a confirmation of the somatic 
metaplase count of Fagerlind (1937). 


are scattered. Fig, 57. Fentas carnea Bent!., 10. Fig. 58, Dentella 
repens ‘Fomt,, M. II, n™ 18, Fig. B9, Ophiorrhiza brunonis W , d^mi H. Prod., 
n== 11, Fig. 60, Eamelia patens J&cq,f n=^ 12, Magnification , X 4000, 
Fig. 61. Musseanda corymbosa, 2n==22, Fig. 62. Gardenia longistella, 
2 n = 22. Fig. 63. Chomelia asiatica O.K. ze., 2 n — 22. Fig, 64. Morincla 
tinctoria Boxb., 2n=22, Fig. 65. J4"orinc2a tinetoria Boxb,, Meiotic 
M. I, 11. Fig. 66. Musseanda luteola^ 11. Fig. 67, Spermacoce 
hispida Linn., n= 28. Fig. 68. S. stricia Linn., n— 28. Fig. 69. Guet- 
tardi spedosa, n=22. Fig. 70. Ixora coccinea Linn., n =11. Fig. 71. 
I, finlaysoniana, n= 11. Fig. 72. Flectronia parviflora Bedd., n= 22. 
Magnification, X 4000. 
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Gardenia longisUlla (Fig. 62). TMs plant shows somewhat 
longer chromosomes in the sections of root-tips. , There 'are twenty- 
two chromosomes. 

Chomelia asiatica 0. Kze. (= eorymhosa Willd.) 

(Fig. 63). This plant also shows twenty-two chromosomes in the 
somatic plate. 

Morinda tinetoria Eoxh. (Figs. 64 and 65). The plant shows 
twenty -two short and slender chromosomes in sections of root-tips. 
The meiotic metaphase shows eleven bivalents. 

8fermocoee hispida Linn. (Fig. 67). Twenty-eight chromo- 
somes were found in the M. I. plate. The chromosomes are very 
big. 

Spemacoee strieta Mmi- (Fig. 68). This species also has got a 
haploid set of twenty-eight big chromosomes. 

Giiettarda speciosa (Fig. 69). TWenty-two bivalents are formed 
during meiosis as shown by M. I. plates. 

Iwora coccinea Linn. (Fig. 70). Fageriind (1937) found the 
somatic chromosome number of this plant as twenty-two. This 
agrees with the number eleven found in first metaphase plates. 

Imra finlaysoniana (Fig. 71). Eleven bivalents are seen in the 
polar view of the first meiotic metaphase. 

Flectronia pamflora Bedd. (Fig. 72). Twenty-two small 
bivalents are found in M. I. plates. 

6. Discussion 

(a) The nature of nucellus and integument in Euhiace(B.—Tho> 
nature of nucellus and integument in the ]>lants belonging to Eubi- 
aceie is not clear. Sohleiden (1837) thought that the whole struc- 
ture of the Eubiaceous ovule is to be considered as a mass of 
nucellus. But Lloyd is of the same opinion as Warming (1874) 
that the single thick integument with the very delicate micropyiar 
canal should have misled the earlier observers. According to 
Houk (1938), the existence of micropyiar canal or its absence is not 
the criterion for judging whether the ovule is naked or not. He 
thinks that the separation of nucellar cells may result in the 
formation of a pseudo-micropyle. 

The ovule in the two cases described here shows no diflerentia- 
tion of tissues. The mass of cells is homogeneous, and hence the 
difficulty to distinguish between the nucellus and the integumentai 
portions. Lloyd also has referred to this difficulty in his studies. 
He says that /Vthe ovules are provided with a single integument 
and' with a greatly reduced nucellus, which is not to be distin- 
guished except at an early stage, when it takes the form of a cap 
consisting of a single layer of cells crowning the archesporium. 

hTucellus in general can be classed under two heads, the crassi- 
nucellus and the tenuinucellus. In the case of the crassinucellus, 
the integuments arise from the basal portion of the body of the 
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OTBles as is found in the polypetalsB. In the case of the tenninucell-as 
the integament is laid down higher up near the top of the ovule* 
The temiimicelliis is further classified into two types according to 
the nuinber of nucellar cells and their nature. The tenniBucelliis 
of the sympetate type is of common occnrrerce in many sympetalous 
families. It is also found in the genera PfiylUs (Dahigren, 1927), 
GepJialanthm and CMoeoeca (Fag erlind, 1937), belonging to tbefamily 
Eubiaceee. Here, more than seven to eight cells are seen to surround 
the axchesporium. 

In Oldenlandia^ Bentella, and other related genera, the rudi- 
mentary type of nucellus ox the Orchideee type occurs. In this case, 
the ovule is more or less undifferentiated and the ovule consists of 
only an epidermis or occasionally a few central strings. Even this 
epidermal nucellar layer is much reduced in the two cases described 
in this paper. By further reduction, we get an undifferentiated 
ovule, as is found in Eaustonia, 

From the above said evidence, it is clear that strict differentiation 
of tissues into nucellus and integuments is not seen in Eubiacaous 
ovnles, and the few epidermal cells capping the axchesporium are 
to be taken as representing the nucellar layer. So there arc3 two 
possibilities. (1) Houk's interpretation that the integument is 
suppressed and a pseudomicroi)yle is formed, (2) Lloyd’s view that 
both the integument and nucellus are present, but are so closely 
alike or intimately associated, that it is not possible to distinguish 
one from the other. 

The observations recorded in this paper, and the evidence of 
Fagerlind prove beyond doubt that nucellus is present in a much 
reduced form along with thick integuments except in the case of 
Eaustonia, So Houk’s view that the whole body of the ovule 
represents an undifferentiated nucellus is not in accordance with the 
above said facts. It may be true in the case oi Emstonia but in 
the other cases, Lloyd’s view seems to be more in agreement , with 
the facts than Honk’s. 

{h) Borne cyto-taxonomical considerations * — ^The basic chromo- 
some number of a family can be inferred through the comparison of 
the morphological features of the somatic chromosomes and the 
identification of ancestrally related chromosome sets which have 
duplicated themselves, or through the study of themeiotic behaviour 
of the chromosomes in inter-varietal, inter-specific, and inter- 
generic crosses. In the latter method, the homology of the chromo- 
somes is more clearly revealed, by the synaptic behaviour and 
secondary association of chromosomes. Wanscher (1934) from a 
statistical study of the chromosome numbers of 44 angiospermous 
families, came to the conclusion that all members had their origin 
from a four-system. The method of origin of other numbers is 
through loss or gain of chromosomes, to form, ascending, descending, 
multiple or secondary polyploid series of chromosome numbers! 
But Babcock (1934) criticising Wanscher’s conclusions, says that 
a mere statistical analysis of chromosome numbers is inadequate 
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to determine the hasic number of a family. Other features, morpho- 
logical, embryologieal and ontogeneticai should be taken into con- 
sideration, before determining the primitive number of the family, 
from -which the other numbers could be supposed to have arisen. 

Examined in the light of chromosome numbers, eleven 
should be the basic number of the family Eubiacese, for, most of 
the Eubiaceous genera exhibit 11 and its multiples as the 
chromosom.e numbers of their species. From the data given in this 
paper, in Tischler's list (1938) and in the list of Fagerlind (1937), 
it could be gathered that, representative species of fifty -five genera 
have been investigated. The numbers characteristic of these 
genera, and the frequency of the genera that exhibit the respective 
numbers are tabulated below. 
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Some of the genera exhibit two numbers, e.g., Crucianella shows 
9 and 11, and Galium shows 10 and 11. But it is clear that 11 is 
the number found in the maximum number of genera. But this is 
not a sufl0eiently strong proof that it is the basic number of the 
family. For, in Crepis, though the haploid number four was found 
to be widely prevalent, in many species, the number found in the 
most primitive members of the genus as determined by compara- 
tive morphology was fornid to be n = 6 . So 5 was considered 
to be the basic number of the genus (Babcock, 1934). Therefore, 
further evidence is necessary to infer the basic number of the 
family. 

The nature of the nucellus, or the nucellar epidermis capping 
the arehesporial cells is found to show a phylogenetic significance. 
Beduetion in the number of cells constitutixlg the nucellus, is con- 
sidered to be an advanced feature. The Phyllis type aceordir-g to 
Fagerlind (1937) is the most primitive type of nucellus in the family, 
having a convex layer of seven or eight cells covering the arehe- 
sporium. The reduction in the number of cells determines the 
advanced nature of the genera- The Bouvardia and the Olden- 
landia types of nucellus are derived from the Phyllis type. In 
Bouvardia, the nucellus is reduced to two to three cells, while in the 
Oldenlandia type it is one celled. BenUlla also shows only one 
cell. In the case of Eoustonia, reduction is carried to the utmost 
degree so that there is no nucellar epidermis found at all. If this 
feature is taken as a_ criterion, the genera Oldcnlandia, Bouvardia, 
Bentella and Eoustonia, which show nine as the chromosome num- 
ber, should be considered as phylogenetieally more advanced, than 
other genera showing eleven. According to Lloyd, the genera 
Crucianella and Yaillantia also show such nucelli and they have nine 
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chromosomes, though the former shows eleven in some species® 
Cases deviating from the above-cited instances occur but' they are 
only very few* OphiorrMza and Fentas show reduced nucelli but 
have eleven and twelve chromosomes respectively. But the other 
nine-chromosomed genera show' morphologically advanced charac- 
ters as far as the nucellus is concerned. 

Bagerlind (1937) says that the primitive type of nucellus is met 
with in Fsychotria^ Gephalanthus and Gliioeoeca. Some other genera 
as GantJiium Mid Guettarda also show this feature. All the above 
said genera show eleven bivalents. So it follows that the primitive 
type of nucellus is essentially met with in the eleven-chromosomed 
genera. This gives additional support that eleven might be the 
more primitive number. Brom the evidence cited above, it is 
presumed that eleven is the most probable basic number of Eubi- 
ace^. But this cannot be said with certainty until and unless the 
results of more detailed morphological investigations corroborate it. 
That eleven is a higher number than others occurring in the family, 
cannot go against its being taken as the basic number. In Grepis^ 
though five is a higher number, it is considered to be the basic num- 
ber in preference to four (Babcock, 1934). 

It would thus appear that eleven is the possible basic number of 
the family. It also seems likely that allopolyploidy has played but 
a very insignificant part in the origin of species in this family. Bor 
this, we have at present only an evidence of a negative kind. If the 
lowest prevailing number in a family, or some other still lower num- 
ber possessed by a hypothetical ancestor, is the basic number, and, 
if allopolyploidy has played a prominent part in the formation of the 
species, then, one would naturally espect to see secondary association 
of some kind or other. This phenomenon must especially be evident 
in a family like Eubiaceae where the chromosomes are small, and 
secondary association is not a thing that could easily escape one’s 
attention, for, if it occurs it is unmistakably noticeable as reported 
in previous cases where this phenomenon has been observed, e,g. 
Gapparis (Eaghavanand Venkatasubban, 1940), Grataem (Baghavan 
and Venkatasubban, 1939), Gynandropsis (EBighthYSsn, 19SS) mA 
(Eaghavan and Srinivasan, 1940). In these, there was 
hardly a plate that did not manifest secondary pairing. In this 
family about twenty species have been investigated and though a 
number of M. I. plates Were examined none of them showed secondary 
pairing. It seems therefore likely, that allopolyploidy has not been 
the main factor in the evolution of the species belonging to this 
family. As indicated already, eleven is likely to be the primary 
basic number and the other numbers including lower numbers like 
nine might have arisen by various means. Of the various processes 
involved in producing changes in the germinal material, the follow- 
ing are usually the most important from an evolutionary point of 
view : (1) Changes in individual genes ; (2) changes in sizes and 

shapes of individual chromosomes, i.e,, loss and addition of individual 
genes or groups of genes through transformation (translocation, 
inversion, deletion and duplication) ; (3) changes in groups of 
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cliroHiosoroes tliroiigli transformation, polyploidy and inter-specific 
liybridization.' Since genic variation .consists mainly of ' internal 
eiianges, physical or chemical, in the genes themselves, this might 
appear to be the basic process of evolution. On the other hand, 
genic variation may never induce chromosomal variations. l?or 
example, in Grepis (Babcock and Navaschin, 1930) it v'as proved 
that the diversity came about only through the transformational 
processes which induced changes in chromosome number and 
morphology. From this point of view transformation is the basic 
evolutionary process. In some of the minor groups of related 
species, however, a diversity has come about through changes 
affecting whole groups of chromosomes. Following these hypo- 
thetical major steps, and within the new forms so derived, both 
genic variation and chromosomal translocations would operate to 
induce differentiation of new species wdth different chromosome 
complexes. From this point of view polyploidy a.rid interspecific 
hybridization would represent the more basic processes. In this 
family there is no doubt that this last named process is responsible 
for the origin of some species With 9, 18 and 36 cliromosomes. But 
this fails to account for the 9, 10, 12 portion of the series found in 
this family. Since genic variations cannot account for this it is 
suggested that transformational processess have been responsible 
for these chromosome numbers and the absence of any secondary 
pairing makes one infer, at least tentatively, that in the polyploid 
series exhibited by several species in the family, autopolyploidy 
rather than allopolyploidy has been the main factor. 

7. SUMMAEY 

The embryo-sac formation and embryo development have been 
described in Bentella repens and Oldenlandia alata. 

The chromosome numbers of twenty species have been 
reported most of which have been determined for the first time. 

The nature of nucellus and integument is discussed in the light 
of observations recorded in this paper. 

The probable basic number of this family is discussed on the 
basis of morphological features and the methods by wliich the 
various numbers might have originated are diseuBsed. 
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MORPHOLOGICAL STUDIES IN ORCHIDACE^ 

I* Zeuxine sulcata Lindley 
By K. X. SeshAgibiah, M.Sc. 

Department of Botany, Central College, Bcmgalore 

Beceived for publication on October 15, 1940 

Bxjbing a morphological study of this plant it was noticed that all 
the flowers in an inflorescence set seeds though the pollinia of the 
flowers were not removed from them. It w*as thought that the 
pollinia from the other plants must have been carried by insects 
and croSvS-pollination must have been effected. But closer observa- 
tions revealed, that there were no insects bringing about i}ollination 
and in all the plants in the locality the pollinia were not detached 
from the flow'ers. This clearly proved that pollination did not occur 
in these plants. Microscopic examination of the pollinia from the 
flowers just opened showed in some cases normal pollen grains 
and in others degenerated ones. Germination experiments of the 
pollen proved negative. 

Pollinia from the older flowers in which the pistil had already 
set seeds showed an abundant development of an intra-celiular 
fungus. These features were interesting specially in view of the 
fact that in the Orchidaceae the stimulus of pollination is known to 
be necessary not only for the initiation of the ovules in some cases 
but also for the further development of the ovules. Hence a detailed 
morphological study was undertaken and two short notes were 
published by the author (1932 and 1934). Later more material 
was prepared to verify the previous work and the result is embodied 
in the following pages. 

Eegarding the previous work on Orchidacesc, Schiirhoff (1926) 
and Schnarf (1929) have given a general review of the work done 
from a very early time. Strasburger, Treub and Guignard (1879- 
1889) were the earliest contributors to the studies on this family. 
Later on, Baranow, Afzeiius, Vermoessen, Magnus, Kusano, Sharp, 
Brown and Pace (1900-1929) have added more to our knowledge. 
So far no work has been done on the genus Zeuxine. 

Material for this investigation was collected near Bangalore 
duringthemonths of September and October and fixed in Memming^s 
fixative and the usual xylol-paraffin technique was followed. Sec- 
tions were cut from 8 to 12 ft in thickness and were stained in iron- 
alum hsematoxylin. 

Obseevatioks 

The archesporial cell (Pig. 1) which functions directly as the 
megaspore mother cell is initiated and the ovule begins to develop 
long before the flower opens. The prophasic changes that occur 
in the nucleus of the megaspore mother cell appear to be normal. 
There is a distinct synizetic contraction (Pig. 3) followed by the 
10 
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open spireme stages (Fig. 4) and bivalent formation of cliromosomes, 
wMcb lie well distributed in tbe nuclear area during diakinesis 



Mgs. 1~9.— “Fig. 1. Nucellar primordiiim showing the archesporial 
cell. X600, Fig. 2. Young ovule, showing the developing megaspore 
mother cell. x 600. Fig. 3. Nucleus of the rnegaspore mother cell in 
the synizetic contraction. X600. Fig. 4. Mother cell. Nucleus in the 
open spireme stage. ( X 600). Fig. 5, Mother ceil. Nucleus in the dia- 
kinesis stage. The distal nucellar cells have disintegrated, the laterally 
situated nucellar ceils are enlarging. X600. Fig. 6, Transverse section 
of the heterotypic metaphase plate showing the 22 bivalent chromosomes. 
xOOO. Fig. 7. Heterotypic anaphase. The two dlstally situated 
nucellar cells have fused with each other prior to their degeneration, x 600. 
Fig. 8. Heterotypic telophase. Nucellar cells have degenerated, x600. 
Fig. 9. Two daughter cells. Nucellar cells have completely degenerated 
and hence the nakedness of the cells. X600. 
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(Fig 5). A transverse section of the metaphase plate (Fig. 6) shows 
22 Mvalent chromosomes. During the anaphase (Fig. 7 ) the chro- 
mosomes are not always pulled apart simultaneously ; but ultimately 
reach the tv? o poles (Fig. 8) and two distinct daughter cells are 
formed (Fig. 9). 

The daughter cells after a period of rest divide homotypically 
(Fig. 10). The row of cells, that results after the homoeotypic divi- 
sion, corresponds to a linear tetrad of megaspores (Fig. 11). These 
cells divide further (Figs. 12 and 13) and directly form an embryo 
(Fig. 14) without going through the usual processes of the degenera- 
tion of some of the megaspores, the formation of the embryo-sac 
and fertilization. 



Pigs. 10-16. — Fig. 10. The two daughter cells dividing, X 600. 
Fig. 11. The linear tetrad of megaspores. X600. Figs. 12 and 13. 
The megaspore cells dividing. X 600. Fig. 14. An adult embryo 
X 600. Figs. 15 and 16. The nucellar cell enlarging. In Fig. 15 the 
megaspore mother cell, which has enlarged much, is decaying, x 600, 
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In a few cases, it was seen that, the mother cell goes tlirongh the 
■earlier stages (Figs. 21 to .24) in the formation of the embryo-sac, 
where the sac develops from the mother cell itself. In one case it 
was also observed that after the formation of the linear row of fonr 
cells, corresponding to the tetrad of megaspores, the lowermost 
ceil (Fig. 25) among them exhibits somewhat a general organisation 
of an embryo-sac with a number of free nnclei evidently derived by 
the division of the original nucleus of the cell and a large central 
vacuole. Such ovules probably degenerate. 

hiUCELLAB EMBEYONY 

Embryos develop from the nucellar cells (Figs. 16 to 18) situated 
on the sides of the mother cell. These cells increases in size and 
divide (Fig. 17). Very often the megaspore mother cedi decays 





Pigs, 17-22.—- Figs. 17 and 18, Stages showing the division of the 
nnoeliar cells to form the nucellar embryos, x 600. Pigs. 19 and 20. 
Groups of three embryos in the ovules. x600. In Pig. 19 the integuments 
of the ovule are not shown. Pig. 21. The megaspore mother cell. Nucleus 
in the heterotypic anaphase. X600* Pig. 22. Two-nucleate embryo- 
sac. X 600. 
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and tlic^ embryos develop from tbe ixucellar cells only (Mgs. 15 to 18). 
In a fiilly developed seed, two to three embryos can be easily made 
out (Figs. 19 and 20). Embryos developed from the iiueellar cells 
are presumably diploid. Afzelius (1928) has reported similar 



Figs. 23-33. — ^Fig. 23. Division of the lower nucleus in the two- 
nucleate sac. X 600. Fig. 24. Four-nucleate enxbryo-sac. XOOO. 
Pig. 25. A row of four megaspores in which the lowermost megaspore 
shows the general organisation of an embryo-sac. X600. Figs. 26 and 27. 
Part of the pollinium showing the microspore mother cells. X420. 
Figs. 28 to 31. Various stages of the heterotypic nuclear division. X 1200. 
Pig. 32. Transverse section of the heterotypic metaphase plate in the 
microspore mother cell, showing the 22 bivalent chromosomes. X 1200, 
Pig. 33, “ Dyad of microspores. X 900, 
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embryo formatioB from tlie niieellar cells ill NigriteMa nigm^ a mem- 
ber of tbe OrcMdacesB. 

Germination experiments of seeds in Zeiixvm were not success- 
ful in spite of providing the seeds with the necessary symbiotic 
fungus which was isolated, by means of pure culture, from the 
roots of adult plants of Zeuxine, The only method of propagation 
appears to be vegetative as reported by Joshi (1933). 

Miceospore Foemation 

During microspore formation also several abnormal features 
are seen. In some of the microspore mother cells there is a normal 
meiotic division (Mgs. 26 to 32) while in others belonging to the 
same pollinium signs of necrosis are seen from an early stage. In 
such cells {Mgs. 39 to 41) the nuclei show a dense reticulum of thin 
chromatin threads and the cytoplasm gradually withdraws away 
from the nuclear membrane before the final break down of the cells. 




Figs. 34-41. — Figs. 34 to 36. Stages showing the decay of the micro- 
spores. X 900. Figs. 37-38. Mici'ospore mother cells showing the 
abnormal spindles during the heterotypic nuclear division and the forma- 
tion of supernumerary nuclei. X 600. Figs. 39-41. Stages showing the 
decay of the microspore mother cells, x 1200, 
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111 the cells that divide normally, 22 bivalent chromosomes 
(Fig. 32) are seen in the heterotypic metaphase plate. The same 
number of bivalents were counted during the heterotypic division 
of the nucleus of the megaspore mother cell also (see page 359). 

The second meiotic division seems to be suppressed ; hence 
dyads of microspores are formed. These on dividing (Mgs. 33 
to 36) give rise to a vegetative nucleus and a generative nucleus j 
but such spores are not functional as they soon degenerate. 

In some pollinia abnormal sinndles (Mg. 37) are formed during 
the heterotypic nuclear division, resulting in the formation of non- 
functional supernumerary nuclei (Mg. 38). Einally the pollinium 
is attacked by a fungus. The meiotic irregularities in the micro- 
spore mother cells and the final pollen sterility are in correlation 
with the apomictic development of embryos. 

Discussion 

In apomixis the chief cause is the failure of either meiosis or 
fertilisation. Sometimes both these processes may fail. Meiotic 
processes are suppressed in many ways in the megaspore mother cells 
of apomictic plants, the final result being the unreduced nucleus 
in the egg, which may develop parthenogenetically, giving rise to 
the diploid sporophyte. 

Cases of haploid sporophytes developed apomictically are also 
on record where the meiosis in the mother cell and the development 
of female gametophyte are normal. But haploid sporophytes 
developed apomictically direct from a tetrad of haploid megaspores 
has not been recorded so far. According to CMarugi (1926) in 
Artemisia nitida^ xe’pvoduGe^ apomictically, the tetrad of 

haploid megaspores formed after the normal meiotic process fails 
to survive. In Zeuxine sulcata, the tetrad of haploid megaspores 
not only survives but continues to divide actively and forms an 
embryo. Apomictic development of the embryo has been recorded 
also in Gastrodia by Kusano (1915) among the Orchidacese, But 
in Gastrodia the haploid sporophyte develops from the ha|)loid egg 
cell and not direct from a tetrad of haploid megaspores as seen 
in Zeuxine, 

Various theories have been advanced to explain the causes of 
apomictic development in plants. According to Ernst (1918) 
hybridization is one of the primary causes of apomixis including 
parthenogenesis, apogamy, apospory, iiucellar embryony and poly- 
embryony. The meiotic aberrations that are observed in hybrids 
are also seen very commonly in apomictic plants. Though hybridi- 
sation brings about synaptic and other meiotic aberrations leading 
ultimately to the sterility of the sexual cells and the apomictic 
development, it is not the only primary factor which causes 
apomixis. 

Ernst and others (1910) who believe in hybridization theory, 
do not at the same time deny the importance of nutritive distur- 
bances set up by natural or other causes and its relation to apomixis. 
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Zemine; dcming its 'vegetative' phase, is partly autotrophic. Its 
leaves are rich green in colour. They are efficient as photosyntlietic 
organs. In ..its root, system the symbiotic mycorrliizal fungus is 
seen thriving, but not yet nnclergoing disintegratioii. 

But later on, as the plant approachevS the reprodnctive phase, 
it becomes markedly holosaprophytic. Its leaves gradually lose 
their green colour, turn yellow and their efficiency as organs of photo- 
synthesis is lost. In the root system there is a inarkcMl disintegra- 
tion and digestion of the mycorrhizal fungus, the digested product 
being absorbed by the plant for its nutrition. 

Burgeff\s researches (1931) on this aspect of nutrition among 
the saprophytic terrestrial orchids are in comphde agreement witii 
the author’s observations. In fact Biirgeff in(*lud(s Zenxine among 
the orchids that are holosaprophytic during tludr reproductive 
phase. It seems that this nritritive disturbance, just prior to the 
reproductory phase, may set up causes w'hich bring about the 
phenomenon seen in Zeuxine, 

Haberlandt (1921a and 1922) advanced his theory of hrekro- 
hormones ” as the possible cause of apomixis. According to him, 
wounding of the tissue of the nucelius results in the formation of 
“ Nekro hormones ” and these ISTekrohormones ” bring about the 
formation of adventitious embryos in Oenothera. So lie explained 
the occurrence of natural apomixis as caused by a similar produc- 
tion of “ IsTekrohormones ” in the degenerating tissue of the embryo 
sac and the nuceliar ceils. This explanation seems to be applicable 
in the case of Zeuxine also, where we see in the ovules apomictic 
development and nuceliar embryony along with much nekrosis of 
the micellar cells. 

Summary 

1. The life-history of Zeuxine sulcata Lindley, is highly 
abnormal. 

2. The megaspore mother cell after the reduction division gives 
rise to a linear tetrad of four megaspores which divide further and 
form an embryo apomictically. There is no degeneration of mega- 
spores and the embryo-sac formation is entirely omitted. The embryo 
thus developed is haploid. 

3. There is nuceliar polyembryon 5 ^ The embryos enveloped 
from the nuceliar cells are diploid. 

4. During microspore formation several abnormal phenomena 
occur, as a result of which there is pollen sterility. 

5. The haploid number of chromosomes is 22. 

6. It is shown that Zeuxine is autotrophic during the vegetative 
phase and holosaprophytic during the reproductive phase. The 
apomictic and the other abnormal phenomena seen in this plant 
are explained as possibly due, either to the nutritive disturbances 
which occur prior to the reproductive phase or to the effect of Nekro- 
hormones” from the nekrotic cells that are seen in the ovules. 


ZEUXINB SULCATA 


365 


LITEBATUEE CITED 

' 1. Afxelhis, KarL (1928) ■ “ Die ■ Embryobildung bei Nigritella nigra, 

Svensk, Bot Tidskr., 22, 82---91, 

2. Burgeffj H. (1931) .. “ Organisation mid Bntwicklimg tropisclier 

Orcliideen-Bapropliyten”, Ber.^ deutsch, 
Bot. GeselL, 49, 46-48, 

3. GMaragi, A. (1926)4. . Aposporia e apogamia in Artemisia niiiia 

(BertoL) N. Giorn. BoL ItaL NM., 33, 
501-26. 

4. Ernst, A. (1918)’’* Bastardierung als Ilrsacke der Apoganiie im 

Pflanzenreich. Mine Ilypotliese zur experi- 
mentelle Vererbungs tmd Absiammungs- 
lehre, Jena. 

5 . and Bernard, Embryologie von Thmnia javanica (Beit- 

Cb. (lOlO)* rage zur Keniitnis der Sai)ropbyteTa 

Javas, IV) *’, Ann. Jard. Buitenzorg, 2 
Ser. 8, 48-61, 

6. Habeidandt, G. (1921a)* “ Tiber experimentelle Erzeugung von 

Adventive-enibryonen bei Oenothera 
Lamarkiana\^ Sitzh. preuss, AJcud. IVisa., 
40,695-725. 

7 ^ (1921e)* Beitr. z. allg. Bot,, 2, 1-53. 

3 , — — (1922)*. . Biol, Zeniralhl., 42, 145-72. 

9. JosM, A. C. (1933) .. ■ ‘ Perennation and Vegetative Reproduc- 

tion in Zeuxine sulcata, Lindley,” Jour,, 
Ind. Bot, Soc,, 12, 20-23. 

10. Kusano, S. (1915)* Jowr. GoZZ. Tokyo, 6, 7-120. 

11. Scbnarf, Karl, (1929) Bmbryologie der Angiospermen, Bevlin, 

12. Scbiirhofl, P. N. Die Zyiologie der Blutenpflanzen, Stuttgart. 

(1926) 

13. Sesbagiriab, K. N. . . ‘V Development of the Female Gametopliyte 

(1932) and Embryo in Spiranthes atisiralis 

(Lindley),” Owrr. Sci,, 1, 102; also Errata 
and Index, 1, 13. 

X4, ( 1934 ) . . “ Pollen Sterility in Zeuxine sulcata, Lindley,’ ’ 

J&id., 3, 205-6. 


* Cited from L. W. Sharp, Introduction to Cytology, 3rd. Edn. 
t Cited from C. D. Darlington, Eecent Advances in Cytology, 1932. 



Ij00-4i Printed at Tlie Banlalore Press* Banifalore City* by O* Srinivasa iRao. Superintendent 



THE INDIAN BOTANICAL SOCIETY 

(Eegkkred under Ad XXI of 1800) 


The Society was founded in 1920 with the object of promoting 
the study of Botany in India and of bringing into touch botanical 
workers scattercid over a large country. 

Membership is open to all persons interested in Botany. Armual 
subscription, Bs. .12-8-0. Members are entitled to all the privileges 
of the Bociety and receive g^^atis ail the piiblieatlous of the Society 
including the Journal, 

Borins of application for inemberslilp may be obtained from 
the Secretary, Prof. Y. Bharadwaja, M.So., Pir.D., F.L.S., Benares 
Hindu University. 

Buhscriptions for membersMp should be smt to the Treasurer and 
Business Manager, Prof. M. 0. I\ IIBXGAM, M.A., PhJJ, {Land.), 
Director, University Botany Laboratory, TripUeane F.O., 

Madras, 

THE JOURNAL 

OF THE INDIAN BOTANICAL SOCIETY 

The Journal includes original contributions as well as abstracts 
and reviews of current botanical literature. Preference is given to 
contributions from members but the Editorial Board welcome 
articles from non-meirihers, especially if they deal with subjects 
of tropical interest. 

Six numbers of the Journal are published annually, the average 
si 2 :e of the volume being about 350 pages. 

Annual subscription to the Journal for non-members: Rs. 15 
in India, £ l-S-I) or $ 5*50 abroad. Buhscriplions from non’-members 
and all communications relating to the supply of the Journal should be 
sent to the Treasurer and Business Manager, Prof, 31,0, 1\ IYENGAR, 
M.A,, Fh,D, (Bond,), F.L.B., Director, University Botany Laboratory, 
TripUeane FX),, Madras. 


